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INTRODUCTION 


This paper hes been translated from the Russian by the United States 
Bureau of Mines and is issued as one of a series of circulars dealing with min- 
‘ing methods and costs in connection with a general study of this subject 
sponsored by the bureau. 


The paser presents some interesting features in connection with the 
methods employed in Russia and describes certain variations in standard methods 
which might conceivably be anplied to a limited extent in this country. 


The system employed by the author, wherein. the efficiency of each mining 
.method and variation thereof is measured by the volume of ore mined per linear 
unit of development, is interesting. While such a measure can not be considered 
a true indication of the efficiency of an operation as a Whole, it consfitutes a 
valuable guide in the selection of a mining method. 


Some freedom has been employed in the translation, but literal transla- 
tion has necessarily been used to a considerable extent also. The translation 
follows. : 


Px REFACE 


The yearly outo.ut of iron ore in the cistrict of Krivoy Rog is about 70 
per cent of the whole outout in Russia (in 1913 about 6,500,000 tons). The ore 
of this region, forming a bed about 45 miles long and approximately 350 feet thick 
at a snallow depth, has attracted ce attention of industrial circles even out- 
side of Russia. ! 


The scientific-technical literature of the region of Krivoy Rog deals 
almost exclusively with tne geological structure and genesis of the deposits. 
Very little information on a methods of mining used has appeared in the 
technical press. 


Because of the small deoth of the overburden, the mining up to the 
present has been accomplished mostly by open-pit methods. Underground mining 
increased gradvally from the early years of the twentieth century, and by 1918 
underground peteeee were used in most of the mines. 


Peculiar engi eas of the ore beds and great variations in the chemical 
composition and physical properties of the deposits brought about the develop- 
ment of new mining systems, successfully adjusted only after many careful trials, 
as Well as the adaptation of systems already known. New methods are still being 
tried, and the adoption of final methods He conform to the conditions is still in 
the future. | 


One of the main difficulties. in tne way of improvement is the lack od 
sufficient knowledge of the methods and systems used abroad, as well as in our 
home country, as the descriptions and handbooks concerning the mining of iron- 
ore deposits are not satisfactory. 
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My task is to describe the system of underground mining in the region of 
Beawoy ROEs anc LT hone that similiar auveioys will be made by. others alsa. 


e. I. CHARACTERISTICS OF THE DEPOSITS AND PHYSICAL 
PROPERTIES OF THE IROW ORES OF THe REGION 


a. Forms of Deposits. - The deposit forms are various but are mainly 
stratified. The stratified character of some of the derosits is so clearly ex- 
pressed that they may te definitely classed amons the stratified ore devosits. 
This can be said especially > Ge estes from 20 to 25 feet trick. 

-Devosits of greater thiclness often differ from the stratified forms; 
they sometimes’ have pronounced local increases of thickness and swells, or, on | 
the other hand, the thickness Decreases: so that the iron ore pinches out entirely 
or is replaced oy otner rocics. © 


_ “The deposits of the region. may be divided into three proupsi’ | QQ) | 
Stratified ore bodies; (2) those of stratified form with varied thickness and 
length along the strilze and on the dip, and (Z) ore bodies of the nest form. 

he first two groups consist of lavers with a more or less well-defined footwall. 
The ore bodies of the last group mostly have forms trending in the direction of 
the main devosit and, being surrounded by barren roe their complete working- 
out is in most cases ven easy. — | | 


: jo he TMlenerts of the Ore Sesociee. - Almost all the ore deposits of 
the region have a trend close to tnat of the mean direction of the main ore body, 
about 159 NW. The length of single beds varies from about 150 to 700 feet. 


The angle of dip of the beds is different in different varts ‘of the region, 
but their main direction is to the West. The taickness, angle of dip, and the 
pnysical properties of the ore beds ciffer ereatly, even for the same beds. 


The anzle of dip varies from a very small angle to 90°; if the beds are of 
stratified character the degree of the dip is sometimes uniform over a great dis- 
tance. - Thus the angle of dip of one of the best knotin and most profitable 
deposits, the Saksaganss second vein, is from 52 to 569 for a distance of about 
25 kilometers. The following denosits have a dip of about 20°: One part of the 
Likhmanovsky vein, Sete Polevoy's, Kolomoytsev'!s, and Raxhmanov's ore 
deposits, one part of the Inguletsk vein, and in the Inguletsk mine. The mean 
oo ‘of dip for the whole region is about 60°, | 


‘the thickness of the ‘depos its varies ereatl:r. Often wer a length of from 
1,400 to 1,500 feet the thickness chances from 0'to 350 feet (in the Karnavatsk 
mine, for exemple). The mean value of the real thickness of the ore devosits of 
the whole region may be considered to be 70 feet. The extent along the dip is not 
constant either, but here the changes are not very sharp: nor frequent. 

The. variation: of the ore in tuiceaeee at deoth has not been investigated 
sufficiently, owing to the lack of deen borings in this region; thus the total 
reserves of the devosits can not bé estimated et present with any degree of 
accuracy. - 
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c. Physical Properties of the Ore. - The physical proverties of the ore 
are closely allied “ith its chemical compositions 


The ore of the region can be divided sharply into two classes: phos-_ 
pnorous iron ore witn a high content of phosphorus and comparatively low content 
of iron, and nonvhosphorous ore with a small content of phosphorus and rich in 
iron. : 


Phosphorous ore consists of a mixture of argillaceous slate and quartzite 
slate saturated with oxide of iron; the ore is of red-brown color: it has an 
easily divisible laminated structure; its hardness and tenacity are less than 
those of the nonphosphorous ore; sometimes the ore is even soft or loamy and, if 
mixed with water, is paste-like. It is characterized by the following chemical 
compositions . a 


Fe---about 55 to 60 per cent. 
P---about 0.05 to 0.3 per cent. 
ie Alaa aa 6 to 7 per cent. 


The ; Saompnoactorsus ore consists of quartzite slates saturated with oxide 
of iron. Its structure and external appearance depend on the relative amounts of 
silica and iron.: The structure of the ore is either compact or laminated. A high 
percentage of silica mal-es the ore very hard; sometimes it causes a powdery 
structure. 


The nonphosphorous ore has tne following chemical composition: 


Fe---about 60 to 67 per cent. 
P---about 0.05 per cent. 
Si0o---about 9 per cent (4 - 12%). 


Tne iron ore of tnis region is mostly red hematite; verv seldom, at the 
outcrops, brown hematite occurs. Sometimes local accumulations of svecularite 
(Fe503) and micaceous iron ore are found. Gramlated ore and small accumlations 
of ee are found only occasionally. 


The mining of the ore devosits often becomes difficult because of tneir 
varying chemical comeosition and structure (as ell as high svecific gravity of 
about 5.0), as tuese properties change sometimes within a few tens of feet. Thus 
in some deoosits the presence of layers of soft rocks, such.as mixturesof ores 
with talc, chlorite, and clay, causes an easy separation at the surfaces of con- 
tact and often makes the deposits tend to slide. Layers of quartzite grains and 
poor quartzite ores often increase the possibility of sudden falls of earth. 

Only a few deposits have a uniform ore structure. The structure of most 
of them is irregular, and the mining is done in ores ranging from powdery to very 
hard forms. The variations in stability of the ores during mining depend on their 
different structures. 
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Tne great svecific cravity of :the -ivon ore (the weight of 1 cubic’ sagene, 
equivalent to 43 cubic feet, tai:en from the massive ore body is from 30 to 40 
tons) reauires tile avoidance ‘of large roof snans. The smallest svans of the roof 
mast’ be used with nonphos»horous, -oowdery iron ore (called here "blue ore"); the 
Width ‘should not be over 10.5 feet ‘and tne length not-over 42 to 55 feet; greater 
length requires additional support. The ore of medium quality, tenacity, and 
hardness allows increasing the wicth uw) to ed or 35 feet and the length up to 
70 to 8% feet; in case of staller- sa of enon as acer the — may be 
increased up to 140 or. 150 feet. , : 

“To increase the’ stability of 6: ore eee Tor dne.ctue cone may de 
arched. At present: this method is uged.as:mach as possible. The necessity of 
additional su»s»vort is considerabi: lessened, and taus the ork may be accomplished 
more economically. 


e 
r 


The dehydration of the ore may lamrove its stability to a great extent. 
Layers of porous or Weal:ly -cetiented lo'v-grade ores, as *ell as some xinds of 
porous nhosphorous and powdered ores, absorb water easily, bdecoming swollen and 
sometimes even deliquescent. The yovdered ore in particular Sometimes absorbs so 
mach water that it Secs heed ‘ mine even in small eLop eee 


, 


~ 


One of the. atounena of iaiuee vadne rere. is ‘that of jeeateriae the ores. 
For this nurpose main develonment operinss (ain drives at lower levels) or || 
general cevelopment 1. orix (wort atfectin:,. sarge areas and different levels of the 
ore deposits) are sometimes necessary. Arter being drained the ore becomes more 
stable, thus waking maine aa oe 

d. Wall Focls. - Wall. eoGes ae affect. ne. In this region these 
rocks consist mostly of iron-quartzite sléetes, of varying hardness, but sometimes 
clay erauee are encountered. 


: Where clay Siete gine a Cre Beacrt: of nichts. or tale form the wall 
rotk its stability, which in general is good-in tue region,- is decreased to such 
an extent that special attention must be paid to: this factor in selecting the © 
system of mining. _ 


iis PREPARATICH CP DEPOSITS FOR UNDERGROUND | 
, ATSTAG OF The CRE | Oo eae 


.' ° Sinee in most mines thé underground mining was y arecsacd ~~ oven works 
(quarries), he underground worting began with inclined snafts dee rened below the 
bottom of the previous open nits. At mines first worzed by underground methods, 
however, development ty means of vertical shafts is preferred because of the | 
convenience of eater oe ae pevone in barrier ee 


ee The leaving-of millars: in shafts aaa aie is Eee iaiiy important, 
owing to the aforementioned properties of tne ore dody. If the pillars are left 
at wrong places, tne collapse of the ore mass menaces the safety of the shafts 


and the buildings above them. 
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By leaving the pillars and fixing tne limits of the syhere of action of 
tne pillars, the tendency of the ore masses is to slide along the plane of the 
footwall; therefore the extent of the sphere of action of tae pillars to the hang- 
ing-wall side of the ore deposit must be greater than to the other sides. 


| As an “example of the determination of the line limiting the sphere of the 
villars is mentioned the method of leaving tne villars which is used in one of 
tne vertical sharts of Karnavat's mine (fies. 1, 2, and 3) « Here the thiclmess 
of the overburden is. about 100 feet. 


“On the Gan eee near the shaft a | barrier pill ar, I, ‘is left chich has a 
radius. of 35 feet from the center of the snaft (figs. 2 and 3); below in the over- 
burden the area bv which the sphere of the pillars is limited is forned at an _ 
angle of 50° (about the angle of renose) to the line connecting the circle on the 
_ surface of the. ground; thus-we have the circle, II, on the surface of the outcrop 
Of the ore itself... The putlines of the sphere of the ‘pillars in the ore body it- 
self are established by. the surfaces forned with the circle, II, - along the three 
axes, in the direction of the strike of the body and the direction of the footwall; 
an angle of 800; and. along the. fourth axis, to tne. side of the Manesne wall, an 

angle of 60°. a * | ae ve 


In tne horizontal.section the lines of intersection of the surface formed 
bz the borcers of the pillars at the surfaces of tne levels are represented by 
oval contours; on the vrojection of tne bed on the. vertical vlane (fig. 2) the 
' ‘horders for tie levels are marked m-t, n-u, O-v,.p-W,.q-x., The ore of the 

teasers left near the shefts is thus Leet. aS | they can be taken away only after 
tne mine is closed entirely. — 


Shafts. - . The shafts. may. be Sigidea eee ‘to enete Durpose into two 
_ groups - those for noisting the ore and taose for bringing dorm the filling 
' material; sometimes qne shaft. ma ‘be desiened for both purposes. The shafts for 
bringing down the filling ‘material’, ‘as well as the pillars left around them, are 
_ usually smaller than those for Aoisting.— 


i Up to this time building stones and ‘filling materials have been thrown 

| dorm through svecial holes, either from the surface or from the quarry bottom; 
taese holes are usually of small size (from 7. 62 x 2.8 ft. to 7x 7 ft.); the 
barrier pillars required for a more or less long life of the hole are comoarative- 
ly small. 


. With increase in ‘depth of mining, the question of icniverine the filling 
material from the. surface to the stoves becomes more and more important. (The 

_ levels of almost all the mines are marked with regard to the level of the Azov 
Sea. The surface of the central vart of the. region is about 240 feet above the 
“level of the Azov Sea. The. greatest. depth is reached by the workings in the 

' Dubovaya Balka mine. It 4s..about 980 feet below tne surface of the earth or 910 
feet below the level of thé Azov Sea. The mean deoth of most mines is from about 
420 to 490 feet below the surface.) | 
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anotner kind of pillar must also te mentioned - that used beneath the 
bottom of a quarry in order to orotect tné underzround workings from any falls 
which may occur in the quarry, in the hanging wall, or fron the venetration of 
water from the bottom of the quarry. In almost all mines in which oven-pit min- 
ing nas been followed by underground "OTe, a protective viller from 10.5 to 21 
feet thick is left. 


Time has shovn that this pillar does not protect against the pressure of 
the hanging wall; after a certain time the pillar is crushed; also it does not 
protect against water which penetrates through cracits. There is a tendency, 
therefore, to replace these barriers bry a clay cushion or to fill up the bottom 
of the quarry with waste from the neizhboring pits. This method has teen used by 
the Dubovaya Balka and Erasnokutsk mines vith fairly good results. 


Itt: SUPPORT AND FILLING OF UNDERGROUND WORKINGS 


Drifts of comoaratively smail cross section usually do not need special 
supvort if their roofs can be arched. The shafts are generally timbered with 2 
to 3 inch pine or some’ cimes oak; the Sides and the roof of fractured devosits are 
supported by poles 1 to 2 inches tnick, 2 to 6 sets of which are placed at 7-foot 
intervals. Sometimes it is not necessarv to support these drifts and snafts at 
all, but in this case periodic. e: camination or tne walls and the roof must be made. 


Shafts sunk through friable devosits must be lined thoroughly; 12 sets 
should be used every 7 feet; vhere there is water or the deovosit is deliquescent 
additional sets must sometimes ‘be used (figs. 4 and 5). 


The winzes are usually only lightly timbered unless they are to be used as 
ore vasses and are in the filling, in wnich case they mst be reenforced by small 
posts or even by walling. The lining and the arrangement of the chute mouths of 
winzes used for ore masses require special atteition. Due to the high specific 
gravity cf the ore and the vercenteze cf 2 to £3 inch lumps (the percentage of 
tne lump ore is usually about 20 per cent but sometimes reaches 60 per cent), 
lining vith 14-inch boards is necessary; posts and even old rails must be used 
for the reenforcement of cnute mouths. 


If mining is done under the filling from above dovnward, it is necessary 
to line the walls and support the filling with logs. Other systems do not require 
such strong reenforcinz and use stulils set on sill vieces in working from the 
filling upward. (Fig. 21.) 


Qwing to the high specific sravitv of the ore, a large mass may break away 
if the sran is too long. Experience hes shorm tnat the pressure is so great that 
eny suoport, even a >ile of rock, can be crushed if measures of precaution are not 
taken; therefore, the rules concerning tne length of span, careful filling, and 
wedging of the timber mast be strictly Gbserveds 
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Careful Filling is very imoortant for safety in mining iron ore. As a 
rule, any emoty space must be filled immeaiately, as the mining of tne iron be- 
comes impossible where svaces are left emty. The filling overetion is very ex- 
pensive; so tnuat a careful organization of this worl: is isportant. The best 
filling materiel is a mixture or clay and srall pieces of quartzite or limestone 
(Kolomoytzer's mine). - 7 
os In dry £i1j4ne,- ‘the material is cormressed either by tae weisnt of 
upper part of the fiiling or by the pressure of the wore verformed over it; in 
some systems the filling dezends ujon its own weight for compression; as a rule, 
however, a surficient density can not be obttainsd in this rays and. tie drv fill- 
ane must be revlaced ov serivet or vet Filling 


Seniwet filling consists of lavyers avout 15 inches thick. Each layer is 
watered and alloved-to settle before anotner is placed and watered; the srork is 
continued in this way alnost uo to the roof of the stope. Special long-handled 

snovels are used in ae places. _ 


Wet filling | is carefully ground and mixed with water on the surface and 
then brought dovm into the stoves under vressure thrcugh large pives.. This 
method is not used in Russia at present. Such "liquid" filling was formerly used 
in one of the mines, but the mixture vas brought to the stoves in vessels. 


-. Good results were sometimes ob‘=i ced. by. using dry filling when the work 
- above the filled space was continued. The monolithic condition of the filling 
/ peraitted mining of the barrier piilers bet-reen the sections. 


' Dry fillins shrinks to a certain degree: pure clay, 30 per cent, clay 
with quartzite, 135 ner cent. The latter mixture was generally used. Exveriments 
have siovm that the best ratio is obtained with 25 per cent quartzite; if more 
than 30 per cent of quartzite "as USees the whole mass easily separated into 
flakes. 


. Semivet Filling is most sat dePactory vwaen conmmosed of clay or a mixture 
of clay and 25 per cent of pranulated quartzite. The shrirxage in this case was 
as much as 50 ver cent of the original volune. Test fillings of granulated 
quartzite unmixed vith clay have given negative results. Tiuvs it was established 
that the only satisfactory filling for tne workec out spaces is clay and clay 
mixed. wae) not over 40 ver cent of granulated quartzite.. 


The ‘eterial for filling is obtained either on the surface from old 
quarries or from special quarries, or underground from old vorizings or from the 
overburden. : : 


The use of old fillings is becoming more and more common. As in this 
method the composition of the material is not very imoortant, the advantage of 
this system is evident. 
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IV. SYSTEMS OF MINING IRON ORE IN Tua REGION OF KRIVOY ROG 


Before starting a descriotion and discussion of the systems of mining iron 
ore in the region, it is necessary to mention thst no matter what system is used, 
the pillar lines on the different levels must always be matched in a vertical line. 
Because of frequent. change in direction and dip of tne ore bodies, the lines can 
not be matched without surveying tie inines; thus the organization of surveving 
parties is absolutely necessary. Witnout tnese survevs the exact matching of the 
work on different levels is impossible and falls of large masses are probable. 


Two general systems are used, devending u ron the thickness of the deposits: 
Systems of mining deposits of small. thickness (from 14 to el feet), and systems of 
mining deposits of great thickness. 


As we will see later, all the systems in the second group require the 
Griving of main eee throuch the wall rocks, usually in the footwall. Only in 
excentional cases, vhere the surrounding rocks are very hard or some other adverse 
conditions exist, i the drifts pass through the ore body itself; then the 
barrier pillars left to support the drifts must be considered lost. 


The following order is used in the descriptions below: 


First a system is descrited vhichn ma;y best be adapted to an average case. 
. Such a system, hovever, owing to the wide variations in the bedding and in the 
proverties of the ore itself, may be used in only a few mines. All the variations 
applied to the different conditions are mentioned, and after the principal 
characteristics of the system and its economy are described, its important advant- 
ages and disadvantages are given. 


Tne degree of economy or each system is determined by a svecial metnod, as 
follows: The greatest exnense in mining the ore is that of the prevaratory work - 
construction of drifts, winzes, crosscuts, etc. The exoenses in different sections 
of the Karnavatsk mine per 40 pounds of ore, according to the figures of 1915, were 
as follows: Cutting, including the preparatory work - 1.368 copecks;* shovelling, 
including that in the drifts - 1.578 copecks; filling ~ 0.640 copecks. 


Therefore, in addition to the character of the mining work and its pro- 
ductiveness and economy, it is important to know the relation between the amount 
of ore produced and the necessary develooment work. For this reason the author, 
besides citing the advantages and disadvantages of mining by a certain method, ras 
figured the coefficient of economy (the relation of the volume of the developed 
ore to the amount of develooment work) for eacn method. To make this computation 
the volume of the ore to be taken and the length of necessary preparatory and 
cutting-out work must be established. Their ratio - that is, the volume of the 
ore per unit of length of preparatory work - serves as tne expression of the 
economy. This method is not very correct, of course, but it gives a fairly good 
estimate. _ 


4 One copeck is worth about half a cent, 
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The actual mining of tne ore br’ means of almost all knorn methods can be 
divided into tvo periods: First, tne period of mining end filling of certain 
stopes along the strike, divided cne from another by ore left in temporary barrier 
pillars; second, the neriod of mining the temporary barrier pillars. A certain. 

length of time, decending on the nature of tne peel Ur ees elapses bet'7een these 
' two periods. , , 
Systems of ? 


A. fining Orel Devosits of Srall Thickness 


For tae mining of ore éesoarts of small thict:ness, aotede verv different 
_.from those for mining ore ceoosits of large thickness are emloyed. The following 
‘ systems are used in ore decosits of small thictmess: (1) Contimvous system along 
the strike of the ore--ovezhand stoping; (2°) the bord-and-pillar svstem along the 
strixe of the ore; and (2) the crosscut system - mining the ore by slices 
perpendicular to the Strike of tne ore cepvosit. 


~The first two methods are used Cxeaeeively for mining ore devosits of 
small thickness navirg en gle of civ greater than 49° and ordinarily not less 
than 609. The tnird system is also used for ore decosits over 15 feet thick, but 
in mining thin ore derosits it is used mostly if tne din of the ore devosit is 
slight, not over 40°; as there are no particular differences in the use of this 
method for different derrees of thickness of the ore, the descrivtion of this 
system is éiven in the chanter dealing with the mining of thiclx ore bodies. 


1. Cort iruous Systen Alone the St the stri::e of the Ore (Overhand Stas: ~ 


This system is used in the foilowing mines: sacnnanov, 3ukninnik, Kolonoytsev, 
Rudner, Cnoervonny, Tarepa‘ovsky, and Nadejda. i : 


Where the denosits becone very tnaick, however, taece mines use other 
systems. This sve tem is. also used in other mines at vlaces rhere the condition 
of the de osits is fayorabie for it. 


| ‘The overhand st toping system is esvecially used in the Rudder: and Ralchmanov 
mines. In the Rudner mine, in which the averaze thiclmess of the.oré devosit.is 

7 feet and the angle of div is from 60 to 70°, the footwell consists of auartzites 
and the hanging wall of clay slate; the neignt of the levels alons tne slope is 

70 feet. 


| At every 140 feet along the stritxe of tne ore body, main winzes (gz, fig. 6) 
are driven, fron every other one of viaicen a peir of stones is opened. In advancing 
the stopes, safety pillars measuring 7 feet along tre div are left under the drift 
on both sides of the main winze; in tnis »illar winzes are driven every 17 ecee 
for communication and for tae. delivery of filling material. 


‘The stopes ere ‘strengthened every 5 feet by props placed normal to the 
plane of the div. The roof and the floor are covered with boards. The filling 
material is put below on the stulls of tie lower drift and follows carefully aiong 
the line of the advancing stope. Tne flour is covered with 2-inch boards placed 
parallel to the line of the stove and remaining benind it not farther than 14 to 
17.5 feet. 
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The floor boards are not much used st nresent because by enmloying clay 
filling it is possible to use tne surface of the fill as the bottom of tne stone 
on vwhicn the vor-ers stand and on which the ore is thrown; the filling is tamped 
ligntly during the vor: so that it can also serve as a bed from wnich to snovel 

he ore. 


The Ralthmnanov mine uses a level interval of 56 feet and a distance betveen 
the main winzes of 70 feet in places vwiiere the thickness of the ore is not over 14 
feet. The angle of div is from 45 to £09; tie footwall consists of quartzites and 
the nanging; wall of clay slates. The scheme of worl: is shown in Figure 7. 

The other mines usually emoloy a level interval of 42 to 56 feet and a 
distance between the main winzes of 70 feet. 


The scheme of the work in the Bukhinnik No. 1 mine is shown in Figure 8. 


2. Bord-and-pillar System With tne Pillars Along tne Strike of the | 
Deposit and Miring ov Rise workings. - Tnis system is used in the Inswletsk mine, 
wnere the average angie of div is rrom 35 to 60° and the average thiclness is 
10.5 feet. The footviall consists of quar$zites and the hanging wall of clay-talc- 
chlorite slates of medium stability. The distance between the drifts is from 105 
to 119 feet; the level interval is 63 feet. The winzes, g, are installed along 
the strike of the deposit at intervals of 100 to 135 feet (figs. 9 and 10). 


At half the distance (49-56-63 ft.), stoves about 10.5 feet wide are 
opened from the winzes upward througna the whole thickness of the ore; when the 
bottom of the upper drift is reached, the stones are filled, leaving below at the 
wall of the sublevel a space of about 5.6 feet supnoorted by a drift stull. 


‘ining is contimued, according to the numbering given in the figure, to 
the middle sublevel drift (c, c, fig. 9). In tne lover sublevel the rise vorking 
is accomlisned in the same order as in the upper one; work must not be done in 
both sublevels at the same time; it is ebsolutely necessary that the BYODE: of tne 
lower sublevel be benind the upser stove at least 70 feet. 


In order to sux,ort the unper adrift, barrier »villars 10 feet thic: are 
left beneath it at 10-foot intervals. If the hanging wall contains tele slate it 
is sometimes ii:mpossible to ta-:e out the ore along the whole séction, so that the 
section must be divided into tvo warts end a barrier pillar, f, 7 to 10.5 feet 
thick must be left (fig. 9). This berrier pillar usually can not be recovered 

waen the level is abandoned. | : 


The orcer of talzing out the pillars is shomm in Figure 9. ‘Only after 
taking out pillar 1 and completing the filling, can the simultaneous taking out 
of pillars 2, 3, etc., te accomplisned. 


Coefficients of economy obtainable by using the overhand stoping system 
and the villar system along the strike of the ore body are estimated as follows: 
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Thickness, 2 ‘sagenes; ee sag. is Sout ie 7 feet); angle of diz. 50°, 


Comparison or cost of overnand ore system and pillar system 


Overhand Stoping System Pillar Systen 


Volume of the Gre in the Section i!ined 


a re >. . Sagenesfoo- 7 a Sasenes 
Thickness ......5. bates eee "2000s I hateeenaae: inet ai aonnores veseee 2.00 
Vertical hetent | of the level se: 8,00 cs aes ca a eee Vis peewearn 9.00 
Along the strike ............. é MOWOO” Me ian Seb. d eo toed eee Ge eae ites es. 22600 
2.00 x 8.00 x 10.00 = 160 cu. sag. | 2.00 x 9.00 x 15.00 = 270 cu. sag. 

Amount of Presaratory Develooment Jecessary 
Saeenee oe a re = - Sagenes 
pee a eaph cea eecus eames WOsO0 | Setanmntecieeeeatnctates esis, M100 
PWINZCS < wie ecigas sara aid os. eens BOO! Maleate sceiaans a5 auee! sebedGiucas peewee “o300 
4 short vinzes 4 x 1 = ae, Seale toile ~ 4.00 i, ae 


| | Central drift (c, fig. 9) ...... 15.00 
ae . Cutting of the barrier nillars 
| eee ee ™ near the crift $--5x1l=.. 5.00 


_ Amount of Ore Obtained per paeene of Preveratory Develovment 


~ 160:00 = 


a about Te 3 CU. sags rane | 270.00 = 6. e) cu. sag. 


= Tne overhand stoping system is shown to be more economical tnan the pillar 
system. Some other advantages ot aa ee ane system as compared vith the pillar 
syetem are as foilows: | - 


ae % ade The ees of the ore and ‘the filling of the empty Svaces is 
accomplished at the same time and withoit int erruption; this makes the organiza- 
ace of the work in the whole mine more uniform. » 4 


at Tae. stope is ventilated Coe eee safety is increased. 


3. The miners in the stove. always Bas oo exits, to the upver and lower 
 drifts;..in the pillar, system there is only one exit to the winze, which is in the 
layers of. the ugver sublevel, _ bee ginning from the second or third. 
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4. The stopes of the overnand system are always ventilated by the passing 
current of air; in the pillar system tne stoxes remain blind until tne slices are 
cut through to the upper drifts. : 


The disadvantage of the overnand stoping method, or more correctly, the 
condition of its use, is that wall roclzs must be more or less stable. 


B. Systems of Lining Ore Deposits of Great Thicimess 


Several systems alone or in combination are used for mining ore ceposits 
of great thiclness, as follows: 


Chamber system — system of large chambers; 

Transverse level system — perpendicular to the strike of 
the ore deposit; j 

Level system along the strike of the ore deposit; 

Cnamber-trench s:stem; , 

Chember system (shrinkace system) with storing of ore, or 
the magasinbrytning (Swedish) system; 

Cover caving sistem, or the rasbrytning system (Swedish). 


1. Removins the Ore by Inclined Slices. - Among the systems used for 
mining ore bocies of great tricizness the system of overhand stoping in Which the 
ore is removed by successive inclined slices is of svecial note. 


This system was used in one of tne sections of the Saksagans mine. 
Correctly speal:ing,, it is a combination of the overnand stoning system and the 
transverse level’ system (pervendicular to the strike). This variation of the 
overhnand stoping system was adcoted at the mire because of the necessity of work- 
ing in the barrier pillar bordering the railway line and because of tne sinking 
of the roof pillars. The system can be called that of "overhand stoning, remov- 
ing ore ty inclined transverse stopes." 


At the Saksagansk mine an ore deposit about 91 feet thick with a din of 
about 55° was to te mined for approximately 175 feet along the strike of the 
deposit. In the quartzites of the footwall, at a distance of fron 14 to 21 feet 
from the ore, there were drifts on the fifteenth and sixteenth levels (the neight 
of the sixteenth level was 77 feet). The work was. started 17.5 feet from the 
border. An area 147 feet long was obtained which was divided into two mining 
sections (figs. 11, 12, 13) by a tarrier pillar 21 feet thick, the ore of which 
was lost because of the special conditions of the work. 


The first cross drifts to the “anging wall were driven from the wover and 
lower drifts. From the cross drift at the hanging wall a connection was made by 
means of tne vinze, g, througn the ore body to the cross drift of the fifteenth 
level. Tne filling material was delivered through the uover drift and tue cross 
arift to the stopes by means of a winze. A slice of ore 7 by 7 feet was taken 
across the ore and was filled. Then another cross drift was driven close to the 
first one and a 7-foot slice of the ore varallel to the first slice was taken out 
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(fig. 11). As the fillirg materiel ves a mixture of clay vith quartzite, its 
engle of repose vas atout 4CO; thus the slices formed an angle of from 40 to 500 
with the line of tie strike. Tne caruite for tie filiing wag. covered with e-inch 
boards, vhicn vere moved as mining ~rozressed. 


wining by tatzins out the ore in sloning: slices is -snown in Fizure 13. 
When the mining of tue intl comleted, te w:iiole layer, as well as tne cross- 
- drift, was filled, anc a terporar’ winze for communication .and for nassing tne ore 
was left at tne foctwall. | 


To decrease the area of the ocened cre still more, tne mining vas divided 
into two perioés; during the first period the lower part of the laver was taken 
out and the snace vas filled; during tne second »eriod tne work was done in the 
woper part. : | 


In consideration of the fact tit the surfaces excsosed were not large and 
that the stoves were continuously ventilated, mining in transverse rills, with 
which the effect of weli-rock vressure is different from its effect with the usual 
svstem, was accomplished without ssecial supoort; single stulls were used where 
necessary. 


Cne ee ee of tre ee stoping system is the necessity of build- 
ing winzes in the ore body for every’ leyer besides having temporary winzes for 
every layer also. : 


| From Phe gescrintion ‘of this nethod of using the. ovex *hand ‘stooing igyetent, 
it is apparent that combinetions of different systems can be emoloyed in mining 
the iron ore. The metnod @escribed is not presented as a soecial system, and Tre 
have mentioned it only as a varticuiar application which, as far as knom, was 
used in only one rine. 


oa). 2. Tae Charaver System of Mining (System of Lar,ie Chambers). - This system 
was used without. combinetion vith any otner svstem in tne Duvovaya Balka,. 
 Karnavatek, and eee tower mines, and with slight changes in the Krasnokutsk 
. Mine. : 
In the Debovaya Bal ka mine this svstem vas used for about 12 vears and was 
then abandoned. | . 


Tne tnicimness of the ore at the Dubovaya Belka mine varied from 7 to 14¢ 
feet, but was usuell; atout 70 feet; the angle of div was from 45 to 559; the ore 
was of medium tenacity; the footvall was of Stable rocks end tne nanging wall of 
less stable quartzites. | 


+ ! , 


The interval peeween the levels” was , 42 feet. The main drifts were driven 
in the ore close to the hanging wall because the brealzing of the ore when mining 
the chambers toward the footwall is very productive. | 
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The chambers (14 ft. wide) and the barrier pillars beteen the chambers 
(21 ft. wide) were marked along the drift. Cross drifts from 21 to 35 feet long 
‘and 7 by 7 feet in cross section were opened along the axis of the chamber so 
that the vertical winzes driven from them near the stone would come out, in the 
corresponding cross drifts of the uvper level (fig. 14). 


The winzes were driven ‘vertically because of the instability of the hang- 
ing wall rocks, to obtain shorter length, and for convenience in dropping the 
filling. Also the winze comes out at a very convenient place in the drift of the 
upper level, which is usually not overloaded with cars. For convenience in moving 
the cars the cross drifts leading from the drifts were curved a little in the 
direction of the hoisting shaft. 


. At a heignt of from 10. 5 to 25.9 feet from the bottom of the level, cross- 
drifts were opened: from the winzes toward the hanging well and the footwall. To 
make them stand better, the roofs of these cross drifts were arcned; as the drifts 
were advanced, the roof was reenforced by special "arched" ‘or "English" stulls, 
which are ordinary shaft stulls with short props 20 to 24 inches long blocked up 
into the side walls of the chamber (fig. 15) at intervals of from 16 to 24 inches; 
the stulls were lagged from above and wedged. Owing to the arcned form of the 
roof, this kind of reenforcement vas not designed to resist the oressure of the 
roof mass (9.1 to 10.5 feet) but only to protect the workmen from falling pieces 
of ore. The stull often holds out without being changed during the entire mining 
of the chamber. 


| During the advance of the cross drift the bench is taken out by underhand 
stoping, using, 2i'most. vertical holes. After the chamber is worked out in this way 
to the footwell, mining is. started tovard, the hanging wall. 


For filling the chamber anotner winze is sunt: in the roof barrier >illar, 
and the cross drift along the axis of the chamber which serves for the delivery 
of the filling material’ into the chamber of tne lower level, is timbered with 
drift stulls. 


fe semivet filling was used: in the Dubovaya Balka mine; that is, every 16- 
inch layer of the filling material was watered. The vrocess of fillinz one single 
chamber required about three weeks, but Following tnois, the period of snrinkage 
took over six months. The empty space formed at the roof of the chamber in tne 
course of the shrinkase was filled azain and tamoed. Pure clay was preferred for 
use as filling material, as the quality of the wet filling vas lovered by edmixtur 
of quartzite. 


After the shrinkage of the filling, the roof barrier pillars, as vell as 
those left between the chambers, could be taken out. The long period necessary 
-for filling and ‘shrinkage (from eight to nine months), the small productivity of 
the: methods used in mining the barrier pillars, and other reasons caused the ex- 
cavation of the barrier pillars in the Dubovaya Balka mine to be very much, behind 
the mente of the ae 
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Many methods were tried for mining the barrier nillars, but only recently, 
by using the resbrytning svstem, have satisfactory results been obtained. Tne 
roof barrier villars had »reviousl; been worked by the metnod snown in Figures 
17 and 18, in which the cross drift, a, 7 x 7 feet in cross section above the 
filling passed from the hanging wall to the footwall. Tne vart which was above 
tne chamber and tke mart above the cross drift, a, were tal:en avay by vorling 
backward in sections from 10 to 14 feet long. Sonetines the direct cover-caving 
svstem was used, but it is no longer emmloyed on account of the danger. 


Many trials -ere mede of methods for mining the barrier pillars left -be- 
tween tne chambers. Formerly the osrrier pillars -ere taken out from under the 
filling by the crosscut method, vorzing downward by using winzes, drifts, etc., 
but owing to the hizn exrense of ertificial svooort, the winzes and drifts are 
now driven near the ore body. As mining from aoove dovnvaerd is not ravid enough, 

he rasorytning method is nov generally used. (fig. 100). Owing to the lack of 
experience in vsing this system in mining weak ore the neisnt of the slices em- 
ployed is 14 feet. 


The ZYarnavats:: mine used the svstem of large chasabers far the mining of a 
large part of derosit 7 from the 140 to 150 foot levels (figs. 19 and 20). Here 
the thickness vas about 350 feet. One Z5-foot section near the hanging wall was 
removed by means of the crosscut system; the next 3o-foot section-was left tempo- 
rarily for safety until the third section was excavated; the tuiird. section vas 
removed by the system of larse chambers. The chatbers, which were 14 feet wide, 
28 feet high, and 245 feet long, were mined by a metnod similar to that used in 
the Dubovaya Balla mine. The metiod of timbering is shown in Figure <l. Dry 
filling was used in the cnamver; for bringing tne filling material in and for 
ventilation two additional winzes along the lengcthn of the chamber were »rovided. 
This system was later abandnned because the dry filling was not sufficiently com- 
pact even after a long period and because it was difficult to bring water for the 
semivet filling. 


For mining the barrier villars (21 ft.) the system of vertical slices and 
the rasbrytning system were tried. Owing to tne great thicl:ness of the ore body 
the mining of the barrier villars was verv difficult; therefore, in order to in- 
crease the safety and the »roductivity of tie vorx in villars, the ore devosit was 
divided into three narts, of 70 feet, 70 feet, and 105 feet (sée fig. 91 of the 
210/140-foot level), neers the chamber—trench method. The trials were not. 
concluded. 


Tne Bojedarovsk mine has used the system of larze chambers to mine an ore 
denosit about 55 feet thick (varies fron 14 to 120 ft.) with an angle of dip of 
from 60 to 70°, Here the chembers were also 14 feet, the barrier pillars 2l feet, 
the height 28 feet, and the level interval $5 feet. Senivet filling was used. 
The barrier siviers vere mined by the crosscut method, which is characteristic of 
this mine. Drifts along the hanging and footwalls vere driven first, then winzes 
were run up to the level above, from which the mining was started by slices 
downward, 
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The system of lerge chambers tas used witn little varistion at the 
Krasnoxutsk mine to mine a deposit about 4c feet thick with an angle of din of 
from 80 to 90°. Here (figs. 22, 23, 24, and 25) the level interval was 77 feet 
and was divided by a central drift into two sublevels, each 38.5 feet hich. ‘The 
main drifts were vlaced in the hanging wall and the central drifts in the ore 
near the hanging wall. After driving cross drifts from the drifts through the ore 
body, to the footwall at 2l-foot intervals, raises were driven to a heignt of 32 
feet; from them at a height of 24.5 feet, ganjways, b, were opened as auxiliary 
drifts (fig. 25) which served for filling, ventilation, and taxing out of barrier 
pillars. 


By breaking out stopes 14 feet wide from the footvall toward the hanging 
wall, a barrier pillar of ore was left near the central drift. Such pillars were 
to be taken out later. 


After filling the chambers (the filling materiel was delivered from the 
bottom of the quarry through a winze) the barrier pillars which were left between 
the chambers were taken out as soon as the filling became compact, using the same 
system as for mining tne chambers. The roof barrier nillars, 7 feet thick, were 
to be taken out after those left between the chambers, if possible, by the method 
of vertical slices. 


Apparently, from the description of the system of large chambers, the 
breaking of tne ore may be divided into two veriods: the first, working by means 
of a 14-foot cross drift is not verv productive; the second, underhand stoping of 
the 14-foot thick sloving brov of the ore, is the productive period. 


The coefficient of economy of the chamber system, under average conditions, 
is as follows: 


Thickness, 10 sagenes; angle of div, from 60 to 70°: ore and wall rocks 
of medium solidity and tenacity. The chember is 2 sagenes wide and 4 sasenes hign, 
the barrier pillar is 3 sagenes wide, and the heignt of the level is 5 sagenes. 
Volume of ore in the mining section: 
Chamber 2 sagenes + pillar 3 sagenes x thickness 10 sagenes x 5 sarenes = 


‘5 x 10x 5 = 250 cubic sagenes. 


Preparatory operations and stove development ver section: 


: Sagenes 
THE OTL t ©: -éc.s-ttece oo ici Sica ce ar soo tas oe ee ee Se toc aa dae eta Serre Be Pace 5.00 
The cross drift--entrance into the cnanver through the wall rocks 
BNC: OG: 64 sds eers mews oes bueceia leer avadene ere Raiere Sree a on Miser eeweeeee QDOUL. «2,00 
The WinZe: 2 Pom Che: Cross Gri lO: ius swe W waa. dws Cele 6 Sw ees ee OR 5.00 


The front cross drift of the chamber .........cccccccvecvcecescsececsece 10,00 
The winze for the filling material at the end of the chamber ........ 1.00 
28.00 
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For mining the barrier pillars by the rasbrytning method in slices of | 
3, 3.5, and 3.€ sagenes: - . 


~ 


a ey 


| os Sarenes 
The winze on tne center of tne barrier ..ccrcccccccccvcce 5.00 


Three crosscuts to the ore, 5 Sagenes each .......ccceee 9.00 


Taree @ross drifts, 10 sagenes €ach «2s ciwinwitwewieesee -00.00 
44.00 


OU EL ~ cisrcaieita toga lovee auete se arn ecdas ome oe 23.00 + 44.00 = 72.00 
Per 1 sazene of preparatory work: 


= e 7 EC td ‘ 
.£99 cusic sagenes = apout 3.5 cubic sagenes of ore. 


Eere the operations bv vhich the economy of tne method is decreased e2re 
the following: ‘Mining the cnuamber--the work of the front cross drift of the 
chamber; mining the barrier villars--the preparatory work necessary for each 
layer. The cost of tating out the barrier pillars can be considerably reduced by 
increasing the tnickness of the slices. 


The following disadvantases of tne s: stem may be mentioned also: 


l. The difficulty of filling the great empty spaces of the chamber, 
especially tne necessity of transoorting the material inside of the cihamber; 


2. The necessity of using the semivet filling, which increases the cost 
of the work considerably; a es a a 

3. The longs period necessary for complete shrinkege of the filline, 
which delays removal of the barrier pillars. 


Dry filling, as adapted in tne Karnavatsl mine, may be accomolisned 
Simultaneously with the mining of tne chamber, dut the time necessorv for the 
shrinkave of the filling is reduced only a little; besides it is not certain that 
the filling will become monolithic. 


The advantage consists in the-ncssibility of starting a great number of 
stopes, and in 2 consicerable productivity; from the robbing overations. Owing 
to a small coefficient.of econom, the s;stem of large cnembvers has not been used 
mica in the mines of the region and remains in use only at the Bojedarovsk and 
Krasnokutslc mines. Ge: ee | | | - 
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3. Crosscut s:stem; removing the ore br slices (the level system). - This 
system is the ciiest in tne region. Its sphere of use is very lerse ard it is 
emolovyed for mining ore devosits of smell as well cs great thickness, of solid as 
well as weak ores, and of solid as well as weak wall roci:s. This system is flex- 
ible and can be used, with slight changes, for mining any ore devosit. 
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(a) Crosscut system: Removing the ore by slices ina 
direction verpendicular to the strike of the devosit 
aaa ven level system) 


This system is used in tne Karmavatskx mine, in medium hard and solid ore 
deposits from 35 to 49 feet thick, generally vithout combination with any other 
system. The level interval is usually 70 feet. The level drifts are usually 
driven near the footwall; the lower serves for tramming ore end the upver for 
movement of the filling material (fig. 26). 


The mining area is divided along the strike of the ore devosit into 70- 
foot sections between which temoorarv berrier villars 7 to 10 feet thick are left, 
these barriers end at the too and the bottom of the levels, as well as at the 
hanging and foot walls of the devosit. An inclined winze (5.6 by 4.2 feet) lead- 
ing to the filling drift is usually driven throagh the barrier pillars (fig. 26). 
At the same time, cross drifts from 8.6 to 14 feet wide and 7 to 7.7 feet high are 
started torard the hanging wall (a, fig. 27; fig. 28). After the cross drifts 
have reached the hanging wall at the border of the temporary pillars (al » fle. 27) 
left between the cross drifts, vertical sets lined vith l-inch boards are erected 
3.5 to 4.5 fect avart, and tne syace is filled vita a mixture of clay and small 
pieces of quartzite; tne latter are delivcred through the filling winzes or through 
the shafts, using the tramming drifts. After the filling and closing of the 
cross drifts rrom the side of the drift by; stulls, the barrier villars (two) left 
vetween the cross drifts are talxen out. 


After the completion of the mining and filling of the 7-foot horizontal 
slice of ore, limited by the vertical barrier pillars and by the drift and hanging 
wall of the deposit, the drift within the linits of the section must be well 
supovorted, less strongly at the barrier pillars and more strongly at otner places. 


‘In the winze already constructec at this time, a hatch is made and a 
cross drift towards the hanging wall is driven from the winze on the second slice. 
The cross drift is used as a store 10 feet wide and € feet high; the work is done 
standing on the filling of the first slice. This first cross drift of the second 
slice (fig. 29) is reenforced by from 2 to 6 sets spaced at intervals of 7 feet, 
depending on the solidity of the ore; sometimes cross traces are out betveen the 
sets, wnicn are on pieces of sill timber 2 to 2.5 feet long, laid in the direction 
of the horizontal axis of the cross drift (figs. 30, 32, 53, and 24). After the 
hanging wall is reached the cross drift is prepared for filling; laths are nailed 
at the corners of the sets, and the main set (the "chamber" set) is erected at the 
beginning of the cross drift near the winze. The laths (fig. 34) are nailed to 
help them withstand the pressure of the filling against the lateral vrovs. The 
side which is turned toward the cross drift is lined with boards and the cross 
drift is filled from tne winze by the material obtained through the filling drift 
of the given level, which is the tramming drift of the upyer level. | 


After the filling of the first workings and the senaration from the winze 
is completed, a second cross drift 10.5 feet wide is ovened above the lower drift; 
tue stope of this cross drift is already cut from turee sides - from the front, 
from beneath, and from the side of the first cross drift. 
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There are six such vorkings in the second slice (63 ft. of tne mining 
section betweer. the barrier pillars are divided by 10-foot cross drifts). 


The drift of tue second slice (the so-called level drift), waich is formed 
by the cuts for mining the stoves, is suytorted by double sets erected along its 
length or b> chamber "hookst!, as well as bv sets viaced about here aad there. 
During tne timbering, cross nieces or svrags are yiaced detween the sets in order 
to prevent the falling of the sets Curing the blestin= of tne noles,. and foot - 
~Nieces under the prons of the sets are aiso used (fics. Sl and 32). 


After the last store near the tarrier pillar is mined it must be filled. 
After the second slice (second 7-ft. thiclt horizontal slice of ore) is filled, 
access to the tnird slice is accomolished by means of a winze; a ladder road and 
chute for the ore with an ovening to-ards the drift-.is arrenz:ed. Thus the stoping 
is accomplished bv mining 7-foot slices until the uoner level is reached; a bar- 
rier villar from 3.5 to 6.2 feet tniclk, devendins on the solidity of the ore, is 
left. As the vertical hei, nt of the level is 79 feet and the height of the slices 
is from 7.7 to 10.85: fcet, there will be nine slices. 


Since durin, the rise of tlie stooe tne filling uoon whicn the workmen 
stand snrinks further and additional filling tecomes necessary, the standard 
heizht can not be adhered to for tne unver slices; it decomes necessary eituer to 
keep the normal heivgnt of the slices, tins finally to have 10 slices, or to in- 
crease the height of the slices, beinu:% with the sixtu slice (figs. 35 and 36). 
The roof barrier pillar usually can not be talen out. 

me timber of each slice is used os nore the slice above it; the 
orops are taken out by piclts or special nand. tools. For tramming the ore, light 
“rails (3.17 lbs. per ft.) are laid and the cars used are eitner of the Koppel type 
or are wooden cars reenforced with iron. Tue vertical barrier pillars left near 
the winzes can sometimes be taken out after :-the end of the work on the levels; 
they may be removed by working from above.downward, using the same system of 
horizontal slices. Generally, however, tnese barriers are at that time already 
crushed and can not be taken out. Cnilvy about SO or 49 per cent of them can be 
recovered. If the hanzing vall consists of ‘ea: rocks, a certain amount of the 
ore: near the wall can not be xvemoved. 


If the ore of a certain section is very veaiz, the same crosscut metnod is 
used, but the mining of the slices is accomplished from above dovniverd, and tne 
mining of the worlings is started »-eferably from the border of the section and 
retreats towarcs tae winze. . | : 


By mining from above dovwnrard the com-osition of the filling mixture must. 
always be the same; usually not more than 3590 per cent of sand or small vieces of 
quartzite is used. As the disadvantazge of this s:sten lies in the imoossibility 
of recovering tne used timber, special care smst taken and as many sets as 
possible removing during tue filling. A scneme shoving mining verformed from 
above downward is given in Firsures 57, 38, and 39. 
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Plan A-B of figure 40 Figure 42.- Plan 0-D of figure © 
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The disadvantage of the crosscut system, where there are level drifts in- 
Sice the ore boay near the footvzell, lies in tne loss of the ore in tue roof 
barrier pillars.. At present the svstea of driving drifts through the wall rocks 
is used, thus masing complete extraction of tne ore possible. | 


For mining ore deposits of great thicl:ness or those having thin lavers of 
soft, friable ore, the combination system of ining is used; one nart of tne ore 
is talen from above dornward and the other, after the first work is finished, from 
below upward. The order of mining is from the han;ing vall toward the foot, as in 
this case the pressure is distributed on the part already filled; thus the safety 
in mining the next section is increased considerably. 


In Figures 40, 41, and 42 is snown tne combination method of mining an ore 
deposit 84 feet thick. Here the prevaration consists of driving the lower drift 
on the footwall and the upper drift through the berren rocks of the footwall and 
of the winzes near tne footwail. 


The mining in layers in both cases - that is, either from below uovard or 
from above downvard - may be accouplishned vy advancing either from the vinze to- 
wards the torder of the section or from the border towards tne ‘vinze. 


In wort:ing from below upward by removing slices from the winze to the 
border of the section, the slices are mined sradually (firs. 43, 44, and 45), and 
tne other area of the ore, which is cut by the roof of the slice below, is solid 
with supvorts in the wall rocks and-in tne vertical barrier pillar. In the re- 
verse orcer of working, the slice drift must first be driven to the torder of the 
barrier pillar and then timbered, after which the mining is accomplished bv mov- 
ing backward (figs. 46, 47, 48). If tanis plan is followed, the whole ore body on 
the given level is cut near the. footwall and thus is deprive? of its eae support 
(fig. 44, section c-d). 


In workinz from above downvard the cancerous part of the operation is the 
filling of the upper slice; tnerefore, to worl: in safety, the mining must be 
started from tne borders. In this case only the slice arift ma-r cause trouble; 
all the otner parts of the vor’: are safe, as the upoer fillins rests on the solid 
ore. 7 


Waere tne ore is veal: the level is Civided into tvo sublevels each 35 feet 
apart vertically. First tne upper sublevel is mined from below unward, and then, 
the lower suolevel is mined in the same way. The ground of the first laver of 
the upper sublevel is covered with boards in order that the filling during the 
mining of the upper layer of tne lower sublevel may not fall from the roof. The 
mining is also done from above downward if the ore is weak (figs. 49 and 50). 
Levels in which the mining is done simultaneously are arranged as snown in 
Figure 40. 


As mentioned previously, in using the crosscut system at the Karnavatsk 
mine tne ore of the barrier pillars near the winzes, as well as that of the tenth 
slice, was almost alvays lost.. Tnerefore part of the ore of the minins section 
between two winzes was lost. 
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- The area of the ore os the section close to the footvell roc'ss is equal 
to: 10x 10 sageres° = 100 square sageres. ‘fas loss of the ore in the barrier 
villar near the winze is: 10x 1 =10 sjuare £2: CERES or, do = 0.10; thet is, 


10 per cent. 


Tne loss of the ore in tne tenth slice is: 9x (1 -0.50) = 9.60 - 4.50 
scuaie sazenes a 0.C9 - es O45; tuut is, 9 to 4.5 >er-cerzt. 
UU . or 


The total loss is therefore: 10 + (9 - 4.5) = 14.5 per cent. 


Do reduce the losses of ore in tue vertical barrier pillars, one of the 
following two m-tiiods was used: (1) Tne widt.. .f there barrier pillars ves in- 
creased and tracy vere taken out lcter by mini, from cbove dovnvard;: (2) the 
barrier nvillars vere not left vithin tne secticn at ell, and only the region 
barrier villers, ct intervals of £10 to 280 fert alons the strike of the ore, 
vere left near tne se-celleé main rinzes and uiade tnic:er for mining from above 
at the time of the ciosure of the level. | . 


Taz first metrod was used in many mines and satisfectory results rere 
obtained: oarrisr pillars even 14 feet thick covid de taken out entirely. A more 
sturdy construction of the w.azes was used or tuey were continuously reraired to 
preserve them until the closing of. the lev rel. . 


in the ; a aeroy mine tae eee "es cnanced in accordance vitn the second 
method. Due to the gereat thickness of “ne ore body (incre than 70 ft.) the slice 
drift was driven almost through ie center (figs. 57, 23, and 54) along the strike, 
and from tnis crift stopes were o:ened as snovn by the numbers given in the 
figures. ae 


The working of the next series vas started after tne filling of the 
previous stope and the corresnondiug parts of the slice dzvift was comictec; that 
is, the ¢topin, of th: ore was G:n3 by using tro nei-ndori:s vin:es. ne mining . 
vas done from below vuvard. Sarricr pijtars from 23 to & feet thick vere left at 
every 175 feet to 210 feet along tne stiitte of the ore; they vere taken out at the 
closing of the level ty working from above domnvard. 

The sare method of mining from the center of the section. was used under 
similar condit’ons at the Rudner mine (fics. 55 and £6) and by the Shiroxy mine 
(figs. 57 and 55), but owing to the frialilityv of the ore end wealmess of tne foot- 
wall in the Siaoey mine the meintenenc? of the winzes in tne filling was difficult 
so that the churbder-trenca system was used instead. An interesting application of 
tae second method was used in the Polevov mine for vorzing a bowlder brown iron 
ore deposit from 7 to 21 feet thick and vith veal: wall rocks; the nang ving wall Wes 
green clay and tue footvall was sedimentary slate. Owing to the reakl: cezented 
condition of the ore as well as of the wall rocks, mining vas done from above 
dowrmward. From the. lover tramuming drift, vo, (figs. £9 and 61) inclined raises, 

c, c, we:re driven, and froia them tne uoser dritts, D, were mined. The upper and 
lower arifts were connected every 35° feet br inclined raises, c, c, naving com- 
partments for tne lowering and raising of cars. Sections between the inclined 


© One sagene is equal to 7 feet. 
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Pigures 59-60-61.- Showing mining 
from above downward at the Polevoy aine. 


Figure 61.-Longitudinal projection 
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Pigure 63.- Plan showing’ the mining of em)l ore 
‘ bodies. 
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Figure 62.- Section showing mining 
of small ore bodies. 


Figures 65 and 66 show mining from top downwerd at 
the Ergenier mine. 


Figure 69.- Section along 
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gure 67,- Section A-B 
of figure 668. 


Pigure 70.- Order of mining at Dobrovaleky mine.” 
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planes can be mined indevendently ‘one from another. After the stope from the 
drifts, D, is sufficiently advanced, vanels 42 feet. long are laid out wnich are 
mined bv cross drifts 14 feet wide. The ore is vorked by two stones at the same 
time, and after they are filled, a third intermediate stove is onened. The next 
42 feet along the strile is left as a temporary pillar, t, (fig. 60). This 
miller is taken out by the retreating system after the stoves of the drifts D 
have reacned the end of the ore bod; during tuis work the drifts D are filled 
also. When the drifts D' are close. to tne end of the ore body, new drifts D are 
opened from the inclined vlanes, c, s0 tnat after the barrier pillars, t, along 

he drift D are taken out, the drifts D" are opened; etc. As the mining is done 
from above dovmward, the bottoms of all tne euORee ‘are covered vith boards be- 
fore filling. 


Another interesting example is tnat of the Dobrovolsky mine. The deposit 
of the Dobrovols:y mine consists of several seozrate ore bodies, each of which is 
mined separately. Wall rocks consist of clay sletes which srell considerably if 
watered. “ach ore body is opened by a verticel shaft, k, aporoxinatelyv at the 
center and at its deevest part (fis. 62). The prevaration of the denosit for 
mining is accomplished by driving tvo upoer tra-ming drifts, a' and b, and one 
Tover drift, a, in botn directions from the shaft. The heiczht of the level is 
from 42 to 70 feet. The drifts are connected by inclined ganeways. The whole 
ore body is divided into several sections from oaiGe the ore is mined 
independently. 


From the rain drifts ON A", fig. 63) cross drifts are driven tovard 
the centers of the sections; from these cross drifts, winzes (zg, fig. 62) are 
ariven to the level of. the upper drift. The mining of each section is accon- 
plished by befinning at the border and working toward the center in wiich the 
chute-winze as well as the mouth of tne filling hole (k, fig. 62) is situated. 
The mining is done from above downward. The stope preparation consists of driv- 
ing cross drifts (h, fig. 63) at 140 to 175 foot intervals connecting the drifts, 
a' and Db. : 


The parts A', A", A"! etc. (fig. 63), of the section are mined in 
numerical order from tne boundaries of tne section by means of stones from 9.31 
to 14 feet wide and from 7 to 9.31 feet high. Two stopes are mined at the same 
time. Fissure 64 shows the order in which tne stoves and also the corresponding 
parts of tne drifts, a! and b, are mined and filled. As soon as the mining of 
parts A' is finished they are filled, and mining in parts A" and stoping in 
Pere A' of the next lower level are started. 


Sserteus 1, 2, 3, ete. (fig. 64), are mined retreating tovard the shaft: 
in tne sections remote frot the shaft the slices situated at the greatest deoth 
pelov the upper drift are mined first. | | 


Tne desire to reduce or eliminate entirely tne loss of the ore in the 
barrier pillars trought about tae use of a number of different methods. In some 
mines the length of the mining sections along the stril-e vas shortened and the 
roof tarrier pillar was tal:en out as the tenth slice belov the filling of the 
level lying above it; the bottom of this level was covered with boards. The loss 
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of ore in the vertical barricr pillars increased, novwever, oving to their large 
number. Removing the roof pillars undcr tre filling of tre level became danrervous 
owing to the failure of the timcer during the long period before the levels can d¢ 
closed. Therefore mining by the use of stblevels ras adovted, as the veriod 
necessary for talking out the upoer lavers of eacn sublevel.could then be. snortened 
(figs. 49, 59). Notwithstanding this, a loss of tue vertical barrier pillers is 

7 ossible. 


Tne main reason the complete mining of tue ore is diificult “hen the 
crosscut system is used is thet the uoper filling drift must be maintained during 
vhe wnole period of oneration. Efforts are made to ottain the least nossibdie loss 
of barrier pillars and are entirely safe upver drift at the same time. If 
possible, therefore, the drifts are driven through the barren rocks of the foot- 
wall or, if the rocks are very strong, through tne ore body bv entering along tue 
footvall only; in the latter procedure it is sometimes advisable to leave a szmall 
pillar of ore under the drift (in case of a slizhtly dinning ore body). This 
can not be considered very good vractice as in addition to the loss of the 
barrier pillar, safety of the drift is only pvartlv obtained. 


Tf the conditions for supporting the Cvifts by means of regional baxrier 
pillars are not satisfactory, tne only s:fe method is thet of drivinz the field 
Qrifts throush the wall rocixs. The nigh cost of tnese field drifts is usuall: 
comzensated for by the sinall amount of timber required. Also, the cost may be 
~ reduced by increesing the heignt of the level. 

The Ergenier mine has combined crosscut mining by means of stoves from 

the borders of the section to the winze, with mining by driving: the upver drifts 

“through the barren roci:s of the footvall. Here (see firs. 55 and 66) the minin 
of the levels is from the top dovmvard, under tire filling; »arallel to the drift, 
P, through the barren rocls, tne drift,.S, through the ore body, is driven near 
the footvall; a roof berrier pillar 1.4 feet thick is left for safety. The first 
Slice is tziten from under the filling of the upner level. The stoves are opened 
from the borders of tne section and are driven toverd the winzes in the order 
Shovn in Figures 65 and 66. 


By working from above downvard tris method gives bettsr results than thet 
used in the Skirolcy mine. The criving of the lover tranmminzg drift througn tre 
ore, as is done in the Er,enier mine, is not sood practice; it wovld be better to 
drive tne drift tnorousn tne barren rocks. : 


In the Dobrovalsi:y mine the crosscut system is used vith slicht cianges. 

Here (figs. 67, 68, 69, and 70) tne unper filling drift, S, is driven through the 
rocks of the footvwall at a distance of from 790 to 1C5 feet from the ore body (tke 
thickness of the cre bodv is 42 ft.). The slates lying between are very veak. 
sections 175 feet lons are nined by using: one ~ain winze, g, in the center of the 
section driven througn the slates of the footvall neer the ore body. 

The winze is directly connected vith the voner crosscut and with the lov- 
er tramming crosscut by means of the cross drift (n, fig. 69) in the ore body. 
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Figure 75.- Plan ‘of mining level, mining 
from top downwerd at Bojedarov mine. 
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Figure 72. Plan, mining from top down at 
Bojedarov mine. 


Figures 74 to 79 inclusive.<Mining by lonitudinel 
slices from wintes. 


Pigure 75.- Longitudinal projection. 


Figures 80 to 86 inclusive show mining by longitudinal slices from winses. 
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Pigure 8l.- Plan. 
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In everwv slice drifts are driven near the hanging and foot walls througn the ore, 
leavinz a roof barrier pillar 2.1 feet tnic:; the drifts are connected at every 
oo feet by cross drifts. The mining osroceeds fron tne borders torards the 
center. ‘Jinzes, g, serve for ventilation. The mining of the slices progresses 
‘from above dornvard under tae filling, vnich is furnished fron tne so-called 
mills of the old filling of the upner levels. The orcer of mininz slices in the 
sections of a rnole ving of tne devosit is snovm in-Figure 70. 


In all the cases in which the crosscut s-stea vas used, the fillinz 
material vas delivered from other parts of tne mine - from the mills, overburden, 
and filling of the upver levels or from tne surfece b: beinzs lowered dorm through 
svecial winzes ana shafts or turou.n tue noisting sratts. Tre cost of furnisning 
tne filling meterial in tnis manner is very nizn. Therefore the attermt mace by 
tne Bojedarov mine to use filling aterial fron nearby plzeces is interesting. 
Here (figs. 71, 72,73) tne mining of an ore body 105 feet thic’ and 229 feet 
long was done from above dornward. Tne levels used in tne crossczt metnoc are 
usually 70 feet apart vertically. 


On a given level tne development consists of driving a main tram-ing 
drift, S, in the center of the ore body on a straig:t line if possible. Every 
28 feet along the strike of the ore, cross drifts 7 feet wide nerpendicular to 
the direction of the main drift are opened tovarda tne hanginz and foot walls. 


At tne ends of the cross crifts raises througn the ore bodv are driven 
to tne upper level. Sometimes the raises et the hanging vall vess outside of the 
ore bod:y in order not to keep tiem straignt where the din of the ore body cnanges. 
From the tops of the raises, under tne fillin;: of tue uovner level, cross drifts 
are ovened exactly over tne lover c:' oss drifts and are connected tnrouga tne 
nanging and footvalls. After finishin,: tunis ~ork the mining is started either 
from tre nanging or footwwall, devending on the location of the filling hole. 
It is more logical to start from tne hanginz wall, as tne absence of barvier 
pillar necessitates the placing of a filling burfer to prevent the falling of the 
roof. , 


Tne mining of the stopes is accomplished as shown in Figure 73 (comare 
the different methods). The filling is delivered for the three fixst lavers only. 
Tne filling must be done carefully and the quantity of material used must be 
watched; the amount of quartzite in the clay must not be over 30 per cent of the 
vaole mass. Arter the tnree lavers are filled in this wav the other la-ers are 
Sillea vith material from the unper levers aiid upver levels. 


Tnais method causes tie sizing of considerable areas of tne surfece. The 
avdlication of tuis level svsten does not require tue leavin;; or roof-barrier 
pillars; besiaes, tune driving of tne upver filiin; drift becomes unnecessery, as 
it is replaced by the filling drifts and crosscuts to tne sections. The combined 
influence of two factors, lov dis and decveased taickiess, males the avplication 
of the method through the whole devosit impossible. 
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Snecial comolications in tee we of the crosscut method erise waere the 
ore is friable. ‘Yhus in the Alexendrovs*, Sairoly, ‘and Usha’-ov mines the lengtn 
of the sections along tne strile of the ore was) ‘saoitened end also divided into 
“sublevels, and tne mining of the oarts of the sections (Alexandrovslv and Sulthava 
Balka) was done in succession; ia some mines (Sul-& nave, Balizea, Sniroin’) this method 
was to be given i entirely. ; 


The coefficient of economy for tne crosscut s’stem used in mininz 
Derpentieuts to the stritze of tue ore todv, is estimated as follovs: 


Thicl cness, 10 segenes; angle of din, 6C to 709; ore body and wall roct-s 
of medium solidity aid menGerty 


The cine section: Thiclness along tie strive of tne ore body, 9.00 | 
Sagenes +1.00 sagene; tuickness of barrier viller, 10.00 sacenés; Keight of the 
level, 10 sagenes. a | : a eck 7 


ap eed 


Volume of ore da the pase section: 
2 i: 9.00 x 10. OO x 10. O02 = - 900 eMeEe eaccnes: Tae varris er igs assuned 
to be lost. . | 


Preparatory ope:ations ver section: 


eae 7 , is | : Sar‘enes ' 
hes _ Drift ee ee ee ee ~ 10.00 - 

Crosscut to the layer, about .* 3.90 
Drift through the ore ........ 9.00 | 


Winze ee ee O00: 
Cross drifts, three per + a 7 = at 
Layer, OX Oo. see eye. tin wee er.) | ee 


Total be fatiy alesis Deeetten toe, Re 59.00 bade Eoae 
-Per 1 sagene of a aaa work: 


900 = = 1533 cubic Sette 5 


| - [If a barrier pill-r from 1.5 to 2.CO sarenes ‘thice is left and is talen 
out entirely bv the crosseut system wor ing fron above downward, or by tne 
rasbrvtning Bene the volume of the ore Mate: bes 


a) 
ae 


‘10 x 10 x 1O-= i, (000 cubic sacenes! 


ith, the: first svsten. tnere- wil? oe no “wear ional orevaratory vor at all, 
pat the mining will be delayéd owiny to the ‘or’: under the filling; with,second 
system the cost will incresse oving to the:increase of the cuttine-out ovoerations, 
but, on the other hand, the mining of tne berrier pillars will be accomplished 
mucn more quickly. = 
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If three slices are nade tnere will »ce acditional constiuction work, 
as follows: 


| Winzes in the quartzite .......ccsceeeeeseeeeee 10. 
- Two crosscuts to the ore body 3 sazenes each . 6 


Cross drifts to the barrier pillar ........... 350 
TOCGM. 656 bec ws waetene des Sale eseeare-eee 46 


That is: 59 + 46 = 105 sagenes. 


Per 1 sacene of preparatory work: 


1009 - about 9.5 cubic sarenes. 
105 


hus, notvithstanding such advantages as economy, safety of vor, and 

wider adadtation to different conditions, tne crosscut svstem hes one great disad- 
vantage in that even if the resbdrytning s-stem for tazinz out the barrier pillar 
can be used, only one nining stope, usually less tian 14 feet vide, can be opened 
on a length of 70 feet alonz tne stritse of the ore. If tne rezsular level sstem 
is used tnere are the additional disadvantazes of a loss of 10 ver cent cf tre ore 
if tne bavrier pillars are 7 fest thick, ora costl*, slor, and not very »rocuc- 
tive operation fron EvOve Covnvard if the barrier pillars are thicker. 


(b) Cros scut system - seeege ie tne ore in 
slices alonz the strike of the ore body 
(level svstem along the strike) 


Excavation of the ore in slices along the strike of the ore body (used 
wnere the thickness of the ore devosit does not exceed 25 feet or in ore vuica 
has many cracls and slippery lavers) is the svstem emoloyed, without combination 
witn other systens, at tne karnavetsk, Chervonny and other mines. It is especial- 
iy convenient wnere tne length of the mining section along the strike is changeabie 
at the borders because of pinching out of tne lode or tne avpearance of quartzite 
(figs. 74 and 75). | 


Tne level drifts in the footvall of the devosit are 70 feet apart 
vertically. The winzes are opened at 70-foot intervale along the strike of the 
ore body. Vertical barrisr pillars, from 7 to 14 feet thicv, are left near the 
wWinzes. Tne first iavycr is usuall,7 excavated bv means of cross drifts. The ‘or. 
proceeds upwards to tne second laver, and tne ore is taken by wor-ing alon: the 
Strike, starting either from the hanging or the footwall, denending on the 
etability of the ore (fiz. 76). 


After tne first leyer is filled, the worl: is conti:wed in the second laver 
in the same order as in mining the layers perpendicular to the strike. If the ore 
is veal, sublevels are used (fig. 78), and where the ore is friable the mining is 
done from above downward (fig. 77). 
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Interestin; verieticns of t.is s-stem, dve to svecial properties of the 
ore deposit, adie avnlied tn some ‘sectiovs of the Lilhmanovsk mine; these varia- 
tions may not be very logical in some of their eel Here the ore is from 
19.5 to 25.feet thick, with:a mean tiickness of 24.5 feet and an angle of dip of 
45 to 600; the ore is solid red hematite “ita eiaoet imperceptible cracks, filled 
with gray telco-chlorite slate, crossing. one another at about 60°. This 
cneracteristic constitutes a Genser, as it may cause prezu.ture falls; the ore 
near tne nanging wall is wmmuch soiter. 


Tne developnent consists of drifts driven near tne hanging wall through 
a comparatively soft part ‘of tne ore body, the ievel interval being 70 feet. The 
mining, area betvreen the level drifts is cut by winzes (g¢, figs. 79, 80, 81) at 
70-foot intervals. ; 
| The mining is accomplisneé Tron these winzes and is cone in the following 
manner: At botn sides of the winze one slice of the ore is excavated for a length 
of 21 feet. The cre is: mined out at tne winze througn the whole tnickness of th 
ore body if the thiclness is not cver 10.5 feet or in layers if tnicker; the thic 
ness of each layer denends on the stebility of tue ore and mav be fron 7 to 10.5 
feet. The ere the thickness of tne ore oody is 31.5 feet, the mining is done in 
three slices, as shovn in Figure £1; the heicht of the slices is from 7 to 10.5 
feet. : 


The sections are excavated zt one side of the winze (see winze 1) or at 
both sides (winze 2), so tnet if the ore is token at one side of the winze the 
excavation at the otner side of it is filled. After the first slice is mined, it 
is filled, and tne excavation of ae second siice is started. 


. After the Sere va filling of tne second slice is comleted, the work 
-on the third is started, and so on. : 3,3 | 

If the statilityv of eie ore meee it, tvo slices may be onened simal- 
taneously from the same vinze (winze 3). After the first slice is taken, the 
Stovinzg is raised to ee second slice, am tue excavation is accomplisned over 
the fillins in tne sane manner. The size of tne winze is 7 by 4.62 feet; it is 
diviced into tvo PERN one for throwing down tne ore and the fillins= ana 
the otner for a lacder roaa. | 


During tne ercavation of tne slices, framed timber is installed at one 
Side of every winze; tne neignt of tl:e timberins is increased corresyondinsly at 
every level. Tnus, efter comsletion of tie aining we will have vinzes in tne 
filling (1', 2',. S', fig..&1). These winzes are for the mining of the 28-foot 
barrier wnich is to be ta@zen aut by working from above downvard under the filling. 


The use of the system as descrited requires frequent repairs of the vinze 
wnich is inside of the filling neer tne nanging wall. Besides, during the excava- 
tion of the last slices of tne level, the woner drift, vwiich is inside of tne fill- 
ing near the hangins wall, sinks gradually and requires careful and constant re- 
vairing. This danver vill srobably increase during the excavation of the 28-foot 
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barrier pillar; thus the cost of repairs may be verv aign. The drifts and vinzes 
were driven in the hangin;; wail because tiie srarfts vere lecated in tie nanzings 
wall of tne deposit. | 


In the Dobrovalskyv mine in vhich the ore is from 7 to 14 feet tric: the 
distance between the winzes is 87.5 feet (fig. Oe). aveaty-one fest are excavated 
to both sides of each winze: one winze is left near tue 42-fcot barrier »villar. 
tne barrier pillars are mined from above downvard. Here the level drifts are 
driven througn, the ore near the hanging wall (in case of solid quartzites). 
Barrier pillars 7 feet tnick are left, and teen avay after the drifts are no 
loner needed; the mining of these pillars will probably be impossible ‘itnout 
some loss of ore. The sections are mined from tie shaft, and fron below uovard; 
tne 42-foot barrier pillars are removed by retreating tovwerds the shaft (from 
above down ard). 7 


In the Vshakov mine the crosscut system alons the strite of the ore body 
is émployed. The thickress of the ore is from 7 to 21 fcet. The winzes (figs. ” 
63, 84, &) are opened every 6&4 feet. Tventy-one feet are excavated on botn sides 
of eacn Winze along tne stritce of the ore; devending on the tniclmess of tne ore, 
one or two 10.5-foot stoves are opened. The height of the level is 4° feet. 
Vinzes (g', figs. 82 and 4) are left inside of tne filling for trie excavation of 
the 42-foot barrier pillars. | 


Five slices are mined imrediately but the sixth is not mined until the 
beginning of the mining of the barrier pillars wnich serve for supporting the 
upoer filling drift. If the ore is soft, a special construction is used instead 
of the usual winzes. In veak: ore a drift parallel to tne uoper drift is opened 
in the footwall 14 to 21 feet from the ore (fig. 85). 


ne crosscut system of mining along the strixe of the ore is also used in 

the region of Krivoy Rog for mining layers thicker than 35 feet. The Losovatsk 
mine uses this system in thicknesses up to 63 feet (fig. &6). The excavation of 
the slices is done from above downward, the distance between the winzes beinz 42 
feet. Stopes 21 feet long are opened along the strike of the ore body in the 
cross drifts from the manZeSy as snowni in Figure 86. The filling is ta:en from 

otner stopes or drifts. he level interval is <2 feet. The constructior of 
tramming drifts tarough the ore was to be abandoned, owing, to the sreet expense 
of tneir maintenence. The driving of drifts through the wall rocks is better 
practice. | 


Tunis system can be avplied under limited conditions only. ‘here the ore 
vody is tuin and tne ore as well as the hanging well rocks is not sta ble, tae 
system is used only rarely. a “ :* 


The coefficient of economy for tne crosscut system, mininz alone the 
strike of tne ore body, is estimatec as. Tollows: 


Tnickness of laver, 2.00 sasenes; angle of dip, 5C0$% wall rocks, “weak 
Slates. 
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sue e 


Volume of ore in the section to de mined: nickness, & sagenes; heicnt 
of level, 10 sageres; along the strike 6.900 segones tv-en out from below unward, 
+ 6.00 sazenes taken out rom asove d oven. ard = leg Sa 5enes; 


2x1C x12 = 249 cubic sarenes. | 
Preparatory wort: per mining secticn: 


Sagenes 
DPT CO 6 be he eee ea ee ee EES ss OS 12.G0 


Wire shvnctudeeweuewtickdtn cues saaee- 1OS00" 
First stcpe of tne first layer, about 3.00 
TOTO: Sy.66. nese whee tetera. “cos0U 


Per 1 sacene of preparatory work: 


£40 = 9. 6 cubic S2 PERE E 
25 


Tne coefficient of economy is nere greater than in the overhand stoping 
or bord-end-pillar svstems (7.3 and 6.9 cu. sag.). AS the svste~ is used mainly 
for mining ore deposits vith "ea wall roc’s (like tre bord-and-rillar svstem), 
the preference must be given to the crosscut s:stem, wnich also allows the wor: 
to be performed more sntely. oie Ss | os 


The disadvanta:es of tne gyvstem are tat sinir < in the various sections 
is not carried on simultaneously, the barrisr pillers ere talen out oniv after 
the first <2 feet are excavated, end a corpars abies small mumber of stoves are 
opened. - . 

4. Crosscut S-stem, by Chambers; Removins the Ore tb Successive Slices 
(the Chamber-Trenci S: stem). -- The chamber-trench system cons sists of Cividing the 
ore aenusit Lito Snort sections end minia, alternate sections sitaltaneously by 
using cross drifts situsted oe ebove the otver and vworiine Govnvird. Tne sec- 
tions left are ~ined from above Cownvard. A Certain length of time »asses be- 
tween these two operztions.. AS tne deposit is divided into short sections vith 
pillers, tne name "nillar system" migut be suitable. 


a 

Cc: 
® 
3 
en 


The sections whicn are mined first are excavated by means of cross Grifts 
situated one above tne otner; tnus the: system nas been called tue cross-drift 
system. In tne southern rezion, hovever, tne srvstem is called the cnamber-trencn 
svstem. This expression, teing snort end sufficiently descrintive, will be used 
here. a oo ee - 2 4 

The Ushakov mine applied tnis method first. In the beginnins the drifts 
were driven through the ore body, but very soon it was found that drifts tnroien 
the barren rocks of the foctvell vere more suitable, especially since these rocks 
were soft clav slates. 
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The method of field drifts was also used et t.is mine, as a more complete 
extraction of the ore vas thus possible. The thictness of the denosit is from 7 
to 77 feet, the angle of dip up to 800. The hanging wall is solid quartzite; the 
footwall is soft and semisoft clay slates... Deposits over 2] feet tnick are mined 
by the chanber-trench system. The level interval is 21 feet. As the driving of 
field drifts increases the cost of mining, it vould be better to increase tne © 
level interval. The chambers are 10.5 feet thick. The 10.5-foot thict: villars 
are excavated by using cross drifts. 


Chambers and barrier pillers are marked off along the drift. If possible, 
several chambers are opened at the sane time during the advance of the drift. The 
barrier pillars are 10.5 feet wide (fizs. 87, €8, 89, 90). The winzes at the be- 
ginning of every barrier piller aie opened at the same time. Tnis coordination 
of opening chambers in the first slices and the winzes from them is preferable be- 
cause at the end of the excavation of the first slice the latter could be filled 
from the winzes. There are cases, however, wnere the winze has not at tnis time 
reacied the upver level Cont ag to tne thinness of the inining layer, tne winze 
takes more time than that of the cnamber). In tuis case the crosscut is filled 
either by delivering toe filling through the same level or by tne metnod applied 
in tne Karnavatsk mine; tr.t is, the second slice of the chamber-trench may be 
mined without the filling of the first one by standing on temporary supvorts. It 
is not recommended thet more than tio slices be mined without filling, owing to 
tne height of excavation. 


The most unproductive vork, during tne mining of the first slice of tne 
chamber, is that by cross drifts. Crosscuts leading to tie chambers can be turned 
(fig. 90) so that switches may be installed. The neight of the cross drifts varie. 
from 7 to 9.31 feet. Usually it is &.4 feet. After the ore is nined from tne 
cross drifts, they are filled. The chamber is sepaiated fron the drift by lining 
with boards nailed to the props. A space is left for the future winze. After the 
cross drift is filled to tne height of the next cross drift by means of the wince, 
the ore is mined by standing on the fillinz of the cross drift of tne first slice. 
After the cross drift of tie second slice is excavated and filled, a winze 
corresponding to the opening is constructed in tue fillins of the second slice. 
Tne winze is fully lined vith 3 to 3} inch thick boards (dividing it into ladder 
road and ore compartment), as the tizre of service of tnese winzes is very long, 
owing to the need of later mining the barrier pillars left betreen the cnanoers. 


Winzes are built in the footwall at the side of the correspording barrier 
pillar. After tne second layer is filled, tne work is continued in the tuird 
slice, etc. In this way five trench slices (5 x 8.4 = 42.0 ft.) are excavated; 

a ?-foot portion is left behind; this is neceseety for mining the barrier pillar 
between the chambers later on. 


In case field drifts are employed, commlete mininz of the level vitnrout 
leaving the roof barrier pillar is possible. Formerly :yhen usins this system, 
preparation drifts tirough the ore body were employed (fig. 88), and it was 
necessary to leave roof-barrier pillars. Besices, at that time, in tacins out the 
barrier pillars between the cnambers, the working in the uover drift was not sate 
and maintaining the drift was expensive. 
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Considerin:s that tie excavation of tue first slice of the chamber-trench 
is accomolisned bv means of a store 416 tue excavation of the other slices is 
done quickly, only weal: supports are rec. 1ired. The use of tne arcn-snaped roof 
reduces the amount of artificial support required. Besides, it is possible to 
utilize fully the stulls of the under slices as sunports for the otasr slices. 

Mere, only tae support cf the winze is exsensive. 


Tue barrier piilars betveen tne cnanbers are :nined by neans of on 
Single store under the filiing; the winze is used for bringing down the filling 
and for storing the ore. As the excavation in the slices of the chamber-trenches 
is completed on the filling of the slices lying below, this filling becomes. so 
compact, 46 averare filling material forms an almost monolithic mass. Therefore 


- after the chambers are mined and the excavetion of the barrier pillars is started, 


the valls (filling of the chanbers) stand perfectly. 

Depending on ‘the conditions, various sizes of chambers and barrier pillars 
are used in different inines. Thus in the Nadejda mine, in: ss the thickness of 
the ore body is from 28 to 56-feet and the angle of din is 420, the chambers are 
from 14 to 21 feet vide and up to- 10.5 feet high; the ‘barrier. tea are 7 fect. 
‘The. drifts are driven througi tue ore, so that complete extraction of the ore is 
not possible. - Fae* ee. ot : 


The Shiroky mine uses chambers 9.¢1 feet wide and barrier pillars 14 feet 
thick, as the ore is very soft end tne footvall consists of soft slates; the 
_ thickness of the ove body averares 42 feet, the angle of dip i8 as high as £00, 
the height of tne level is 75 feet, and the field drifts are driven. through the 
Slates of the footvalls. If tne tnickness’of the barrier pillars is’more than 
10.5 or 14 feet the ore is excavated by using one main cross drift from which 
other cross dritts are opened along vne st rikc from tne nanging wall bacl-ward. 


Other systems of mining tne barrier pillars between the chambers have 
been proposed lately, such as Wodditional cuts" (arnavat sky mine) and 
rasbrytning (Karnavatsky mine, Dubdovaya ‘Balka) . 


At the Chervony mine, in which the thickness of the ore is from 35 to 70 
feet, the ore, as vell as tne wall rocks, is'strong; tne drifts are driven through 
the ore body, and the height of tne levels is 31.5 feet; tris mine has adopted 
chambers 35 feet wide and barrier pillers from 10.5 to 14 feet thick. 


| Tne Karmava tsiy and Cnervony mines use cnambers from 10.5 to 21 feet wide 
and barrier pillers from 10.5 to 2i feet thick, as the ore and the wall rocks are 
of medium strength, the thiciness of the ore body is from 21 to 105 feet, and the 
sa of dip is from oc to 00°, 


The Rakhmanov mine has adoptec chambers 15.5 feet wide and berrier pillars 
15.5 feet thick. he thickness of tne ore body is more than 14 feet. The barrier 
pillars are ‘excavaced from above downvard. In case of creater thickness, uo to 70 
feet, regional barrier pillars 15.5 feet thick are left at intervals of 52.5 feet. 
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Pi 92.- Longitudinal sectiom showing chambeor-treach syaten 
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Pigure 95.- Plan showing chambere 
trench system ,Karnavatsek mine. 
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figure 04,-Raebrytning systeon. Basbrytaing systen. trench systen, 


Tne Dubovaya Balla mine uses cnenbers 14 feet vide and harrier pillars 
cl feet thidz. If the thickness of the ore bod is less tnan 4% feet, the width 
of tne chamber is increased ur to 28 feet - of course, only in sections with very 
stable ore. 


Tne Losovatsk mine, vthicn has an ore body o2 feet taick, solid ore, and 
stable wall rociss, the drifts are driven tirovei tie ore; the vidti of tiie chan- 
ber used is £1 feet and tne thickness of the tarrier pillar is 1 Yeet. 


The Veselo-Ternovsky mine adopted 14 feet for the wiatia of chnamber-trench- 
es and tniclness of pillars. 


Tne Karnavatsk mine uses the cnamber-trench system for mining the southern 
part of the ore body, deposit No. 7, the thickness of which is about 245 feet 
(figs. 91, 92, 93). Here, the 14C0-foot level was mined b- a syste. of larze cham- 
bers, 14 feet vide; barrier pillers left beteen the chambers vere 21 feet thick 
(fiz. 22). The size of the chamber-trencies on the 2190-foot levelwes 14 feet and 
of the barrier pillars was 21 feet. But in trying to mace the mining more 
economical, tests vere made, and as a result these sizes vere chan;ed, of course 
under true coneéition trot the vertical axes of tne chambers and pillars must 
coincide. 


Oring to the great t: bpeeaees of the ore omy. therefore: 


1. A long time was recaired for mining each chamber delaving the opera- 
tion of No. 7 mine. | ; 


2. It was necessary to taexe special measures of precaution, as tre roof 
of the chambers remains uncovered for a long time. 


3. Special difficulties rere encountered in taking out the big pillars; 
the minirg of the devosit was divided into three parts, tvo of 70 feet each and 
one of 105 feet. This was done by connectinz the chambers. Tro drifts divided 
the ore deposit into three sections; the mining of these vas started at tne same 
time. 


The maintenance of tne eunexed winze increases tie costs of tre mining 
so tne Yarnavats:: mine used another metnod of constructing: tne winzes. Here tne 
winzes tere opened from the drifts in the center of the barrier pillar winzes, g, 
and the connection witn each of the neighboring chambers was made at different 
levels (see fig. 02). ne mining of the third part, wiich wes tne closest to tne 
nenging wall end hac a thickness of 70 feet, was expected to be done sefore the 
others in order to nave filled cnambers at tne nanging wall. 


Considering the small productiveness in woring tne first slice, it ‘as 
thovent possible to start the mining of tie second slice of tne first section 
during the advance of the chambers along the first level. If more rapid mining 
1S necessary, excavation can be Gone sirmuitaneously in all sections. Usually, 
however, the vor: in tne first secticns is Moppedc after startin; t.e mining of 
the second slice of the section near the hanging wall. A roof varrier pillar 7 
feet tnick is left in the chambers and a winze, g, is left in the filling of the 
chamber. : 
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Aftcr the cnambers of the tnird ssction are mined, the chambers of tie 
middle section end tien of that near tne footvall are excavated. It-vas vlanned 
to try two-differer.t metiods in mining the ba:rier pillars, but the trials vere 
not concluded because of bad condi tions in the mining industry in 1913. 


ae Mining of barrier villars by the system 
of verticel slices (additional cutting) 
In mining the pillars left between the cuambers it is very imoortent to 
excavate in tne same cirection as in mining tne chamters - turt is, from the hang- 
ing wall to tne footvall. Tris must te cone in order to vrotect tne upper drift. 


| 
ining by vertical slices (fis. 92) mst be started near the hanging wall | 
from tre first level upverd. The ore whicn is left is excevated during tne mining 
of the lover level. OnJ:y near tne drift on tne footvall, vhich is driven in tne 
ore at the Karravets’: mine, the ore can not be recovered. 
{ 


Tue sscuence of mining by aléitional cuttine is shown in the figure by 
numbers; the roof-tarrier piliars are token out at tre sane time as tie stoves 2 
and 19. Tne mining of tne first tro vertical slices is done from below woverd and 
of the third from above dormward under the filling. 


Ds ining by the ras>brytning system. 


The same sequence in miningby sections is folloved in the rasbrytning 
system (figs. 94, 95, and 96). Crosse diifts 7 feet wice are opened from the 
winzes toward the hanging wall of the section; tnuese cross drifts are spaced at 
intervals measured fro.c tne bottom of the unser drift as foliows: 7 feet, 24.5 

feet, 45.5 feet, and 63 fest. 


From the ends of these drifts, stoves 7 by 7 feet are opened and driven 
to the center of the roof-barrier pillar (in the first uover slice) or to tiie 
filling of the chamver in the slices lying below. after this, the upser slices 


of the ore are taken on tne retreat. 
A darrier pillar 14 feet thick is left near tne winze for the safet: of 


the 1 latter; it is removed dvring the mining of the next section. This barrier 
pillar vould te lost if the drifts vere driven in the ore body. Therefore, in 
this system also, tne driving of tne av~ifts through the quartzites of the footwall 
is necessary. (Details of the resbrytninz svstem are given later.) 


In the Dubovaya Balkxa mine the chamber-trencn svstem was adopted after the 
ore vas taiten out in the upper levels by means of larze chambers (fig. 21). Here 
the width of the chamber-trench is 14 feet. Drifts for mining of the chambers are 
driven near the hanging wall end in the ore body (figs. 97, 98, 99 


Tne nei; zat of the chambers is €4 feet. Kaises for bringing down the fill- 
ing are driven to the upper drift during the mining of tae first slice of the 
chamber; their inclination must’ be close to 9C%. This is most favoratle for bring- 
ing down of tne filling, but, on tne otner hand, the use of the raise es an 
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chamber-magazine system, (shrinkage) 


Pigure 102.- Section showing development for 
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Pigure 103.-Longitudinal vertical section showing chamber-magasine sy etem 
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Figure 103,-Plan showing mining 
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auxiliary exit in the upper slices becores difficult (fig. 93). Someti:ires min- 
ing without filling the two slices and With a partial storing of tne ore is 
adopted (fig. 98). 


After the filling of the chambers is completed, the mining of the 
barrier pillars between the chanbers is started by the rasbrvtning system; tne 
height of the slices is 14 feet (see fics. 100, 101). In tnis case drifts are 
driven througn the quartzites of the footvall at a distance of from 14 to 21 feet 
from the ore body. The level interval for mining the barrier pillars is 42 feet. 


From the field drifts, winzes are opened for everv pillar through the 
quartzites; they are connected with the corresponding upoer cross drift ata 
distance of 7 fect fron the ore body. The vertical heignt of tne caving slices 
is 14 feet, the height of the cross drifts and tne drifts is 7 feet; the height 
of tue caved slice is 7 feet (see fig. 100). 


Caving on one side was used here. From the cross drift a snort drift 
was opened to one side only, and cavins was induced; then anotner drift was 
opened to the otner side, and the ore was excavated (fig. 101). The vor: was 
similar in detail to that of the usual rasbrytning system. 


The. Veselo-Ternovsity mine distributes tne winzes, for convenience, vartly 
in the cnambers a:d partly in tne barrier pillars. Also, in order to increase 
the »roductiveness of the mine tne excavation of tne chambers is on both sides 
from drifts driven from tne hanging and footwall sides. The breaking of the ore 
is accomplished from tvo winzes by means of stoves which meet one another. 


The cnamber-trench system may be used for any vnosition of the ore, as 
well as for ore the phvsical conditions of Wnica are very Gifferent (either 
friable or solid). The use of tais system is limited only bv the thicness of 
the ore body; in case the thickness is less tnan 21 feet tne svsten becomes un- 
profitable economically, as too small a volume of tne ore is excavated ver length 
of the drift and winze. If the width of the chamber is increased, the system be- 
comes tnat of a crosscut across the strike of the ore; in case the thickness is 
over 105 to 140 feet some changes and additional develovment become necessary 
(see the use of this system in the Karnavatsk mine for a thickness uo to 245 feet). 


The main feature of the chamber-trench system lies in tne short lenzth of 
the mining sections, owing to which new stopes can be opened continuously, 
immediately after the completing of stope preparations; thus the productiveness 
of the mine can be increased. This reason, as well as tne fact that wet-filling 
becomes unnecessary, may serve to explain why tnis system is used to sucha 
large extent in the region at present. The mining of the chamber-trenches mates 
possible tne mining of the barrier pillars immediately after the filling of tae 
cnambers, as this filling becomes solid. 


The coefficient of economy by using tne crosscut systen for an avera;e 
ore body in this region is figured as follows: 
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Thickness, 10 sagenes; angle of dip, 60 to 70°; ore and wall rocs of 
moderate hardness and tenacit;. 


The mining section: 
(a) Along the strike of the ore body: 


Chamber 2.5 sagenes + barrier pillar 1.5 sazenes = 4 segenes; 
across tne strile, 10 sagenes; heisnt of the level, 10 sagenes. 
The excavetion of tne ore in the pillars is done by the cross- 
cut system worling neat to the strile. . 


(b) Along the strike of the ore body: 


Chamber 2.5 sagenes + habriee Pillar 3 sacenes = = 5.5 sagenes; 
across tne strike, 10 sagenes; heignt of the level, 10 sagenes. 
Tie excavation of tne ore in the pillars is aeconpe seve by 
the resorytning system of three Slices, 


Comparison of seeeteetenta of economy 
of crosscut and rasbrytning systems © 


Crosscut system (a) Pasbrvtning system (b) 
Volume of the mining section 


4,00 x 10.00 x 10.00 - 400 cubic sagenes 5.50 x 10.90 x 10.00 - 550 cubic sagenes 


Preparatory and cutting work oer mining section 


“Of ‘the Gritt’ <csucs taxesten &  g00- a ices Cate e eee eer 5.50. 
Gf. the crosscut to the ore 2 oe oe | - | 
body about ............ 7 3.00 Benen eters eases Senivaecass Packer 3.00 
Crosscuts to tne ore body | ' 
for the excavation of the 
.pillar 7 i 
go  g. Pee | OO Seo: Wen b aa wees 9.90 
WINZO Vaud sueeeeeendawnewet® 10200: - Winze throirgh the ore ...... - 10.00 
me _ . ; winze through the barren 7 
a 2. ee ee ar. FOCI: steaceatmaeen tec as 10.00 
First slice of the chamber 250: a at aabeaeeogeres Jeiiwlnekeceereee. - 2 e600 
| ayoes drifts in the caved 
slices ecross the strike 
= | 10200 3 Bs 2ecxe na eee P 3.00 
POtAl. Amceeaeos . 19.50 ! 70.00 


Per 1 sagene of length: Per 1 sagene of lengtn: 


200 Cu. 886. = 20.5 cubic sagenes po0 cu. Sak- = 7.9 cubic sagenes 
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Figure 108.-Longitudinal migures 105, 106, 107 show details of 
section. | manways. 


Pigure 107. 
Section E-F of figure 106 


Figures 104 to 108 inclusive show details of Chamber-magazine system. 
(Shrinkage stoping. ) 


Figure 109.-Section X-Y of | Pigure 110.- Section Z-Z of 
figure 110. figure 109. 
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Figures 109-110 show method of mining barrier pillars. 
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Thus, by using the rasbrvtning system for minixg the barrier pillars, 
the coerficient of econom’ is about nalf. ; 


But, as alreedy mentioned, the "rasbrytning"™ system becomes: :nore 
economical. and logical for taking out the barrier pillars, owing to tre fact that 
use of the crosscut syvsten from above downward in working the pillars involved — 
many disadvantazes, tne cnief of which are:: Sio.ness of mining: smell ovrodic- 
tiveness of te work along tne ove body7;. necessity of full timbering; and zsreat 


Ne 


exnense of boards necessary for the covering of tne botton vefore the aes 


' The advanteeds of it, if eaenaica with the level cheers may Be cseea 
uo as follows: (1) Higher rate of wrodvction, as te whole amount of ore can be 
excavated; (2) tne barrier pillars are talzen out very quickly; (3) timbering of: 
tie Whole area is not necessary. 


5S. System of | chamber-ma,-azines magazine system or mazasinsbrytning; 

shrinkaz7e system). - T - This. sysvem,. by Wuicin tne roor is uncermined and tie ore is 
accumulated, is for convenience called simply "the system of cnaomber-narazines." 
Tris is the shriniva;e method of mining. The ore desosit is divided b” aieans of 
level drifts (Ss, fig. 102), driven througa the ore near the footwall, into mining 
levels eacn of from 70 to 105 feet. in. vertical height. The filling drifts are in 
the hanging wall close to the ore body. The tramming drift and the uoper fill- 
ing drift corresponding to its mining level, are almost in the same vertical plane. 


The hei git: of the level. depends on the nature of - the ore in different 
vlaces~ on its thickness, nardness, ten:city, and solidity - as well as on tne 
character of tie rocks of the hanging wall; tne height of the level is usually 
from 70 to 105 feet: the vertical heigit of tne chamber-magazines is determined 
accordingly. | : — 


The division lines tetween two adjacent ievels are always inclined; 
therefore the barrier pillars left between the levels are also inclined (40 - 600) 
and have a thickness of from 7 to 10.5 feet. Tims the ore deposit is divided by 
preparatory development into mining levels bounded by the surfaces of the footwall, 
“hanging wall, and by the surfaces of tne barrier pillars. : 


The snaft field, waich is limited along its dip by filling and tremring 
drifts, is divided alonz the strike of the ore body into a series of cnambers and 
pillars (fig. 103}. The size of the chambers and pillars devends on the phvsical 
proverties of the ore and at the present time is as follows: - chambers, from 14 
to 22.5 fest; pillars, from 10.5 to 14 feet. ter the level is divided into a 
series of chambers and barrier pillars, the Winzes, g, are opened in tne latter, 
vertically upward if the thiclmess of the ore body and its angle of dip make tuis 
possible, or thev are made inclined as shown in Figure 104; in this way the 
tramains and filling drifts are connected one with eueueeee 


The winzes are for. handling the ore, movenent of workmen, and ventilation 
of the stoves. The winzes are divided into tio compartments (a and b, figs. 105, 
106, 107) separated one from a another br. boards: a for storing the ore, and » for 
travelling of workmen and for ventilation. — The direction of the separating wall 
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is along tne strike of the ore body, as in tnis case the compartment assigned for 
travelling may be used by two neignboring chambers. 


Tne size of tne winzes is 5.95 by 3.50 feet. The winzes are lightly 
timbered. Small cross drifts are cut from these winzes to the neighboring 
chambers (figs. 102, 103, 107) througn which the workmen walk from the winze to 
the chamber. Tnese cross drifts are distributed in cuec'’.ered order at every 14 
feet and lead to the chambers. They are 4.2 feet wide and 5.25 high, and must be 
built carefully, cutting the ore accurately to the minimum size necessary. 


After tne stopes have advanced upward ahout 14 to 21 feet the preparation 
of the corresponding chanver-ragezines can ve started. Two pull holes 3.5 feet 
wide(d, figs. 103, 110), are cut for the chamber, and in connecting them by 
stopes, protective pillars are formed over the tramming drift. The mining is 
started as soon as one of tne winzes near the chamber is connected with the 
filling drift, S', and reguler ventilation is established. 


The following orjer of mining a chamter mst ve strictly observed (1) 
the chambefs ere to be excavated alternately, (2) the excavation must progress 
from tne shaft to the borders of the area mined. 


In Figure 103 is shotm the excavation in the odd-number chambers l, 3, 
5, 7, etc.; the work in the even-number chambers 2, 4, 6, etc., is to be started 
only after the waste filling in the nei;..Lorins .odd-nwnbder chambers becomes 
sufficiently compact +o support tne hanging wall of the ore deposit. 


Tne mining in the chamber may be divided into two periods: (1) The 
breaking of the ore and its accumzlation in the chamber, and (2) the drawing out 
of the stored ore. 


The first period consists of widening the stopves and advancing the stope 
upvard until the cross drifts leading from the winzes of the neighboring barrier 
pillars are reached; from this moment on begins the regular mining of the chamber. 
The pull holes by which the drift is connected with the chamber are closed by 
trap doors, and only the surplus ore is removed through the holes from time to 
time. . 


The further work consists of blasting the roof of the chamber by the work- 
men standing on the broken ore; the surolus of the ore is removed turaeh the 
holes so that free space not over 5.6 to 7 feet remains between the surface of 
the stored ore and tne roof of the stope. The weight of 1 cubic sagene of the 
ore in the solid veries from 80,CO00 to 90,000 pounds. Let us assume an average 
of 88,000 pounds. | 


The weight of 1 cubic sagene of troken ore is about 60,000 pounds. There- 
fore in storing the ore the volume increases 40 per cent and about 60 per cent of 
the mined ore may be removed during the work in the chambers. By undermining the 
roof the connection vith the upper gangvays is accomplished; those lying below are 
covered witn timber; thus, there are alvays two gangvays by which tne chamber is 
connected with both the winzes; this assures a save communication for the workmen 
as well as good ventilation of the stopes. 
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The brolen ore in chamber 7 (fig. 103) has alvays closec t>e first 
northern (o') and the first.Southern (0'} crosscuts and wartl-, elso the: second 
southern gangvay (o"}. 0 oy : , 


Tne worsmen travel throgn winze, g, and reacn tne chamber through On; 
the fresh air current nasses throvgn the tram-ing drift, vinze gs, and reaching 
Chamber 5 througn the crosscut, enters the stope; then it moves farther through 
winze @, and goes into the filling drift, S'. In order nroverly to direct the air 
current, tne mouth of tre vinze which enters the filling drift, S', is closed by a 
trap door, k's; tnis arrengenent forces tne air current, which rises in tne winze, 
to enter the filling drift ana nass through the cnember in which vorkx is going on 
(see fig. 103, a section along the axis of tne winzes bétreen tne chambers). 


After the filling drift has been reached, tne gan;vay, k, is opened into 
it; the mining of tne chamber is then commleted and tne second veriod of vork, 
that of draving off the stored ore, is begun. Chamber’5 (fig. 103) is saov™m in 
this ceriod of vorts. Tne ore is loaded throvgn tne vujl soles of the cross head- 
ings directly into the cars in the training Grift. In tne course of draving:, the 
ore suosites tovaurds the Aoles owing to its ovn veight in tne shape of a funnel 
formed on one side bv the foot wall of tne derosgit, tne anzle of which is avout 
45°, and on the other side by tne surface of the barrier pillar between the 
levels. The chunls are removed eitner by small bars or by ~eans of a Cymamite 
cartridge. "4 ae 


= © @ * 8 @ 


rock. The trap doors are rexnoved,. the cross heacin;s covered vitn strong wooden 
props (oak, if vossible), end crusned ouartzite and clay is trammed through the 
filling crift (the provortion of quartzites is about 30 ner cent of tue wnole 
mass). The filling déclivered in’:o the chamber is leveled in horizontal layers 
about 3 feet thicl and is watered. After the settiing of the first laver, tie 
second is placed in the same way, and. so on. until tne. ynole. chanber is filled. 


During tae period of the stoping a given level, tne orevaratoryv wor: for 
mining the levels lying below is performed, giving due consideration to the match- 
ing of barrier pillars and chamber-magazines exactly belov the nillars and the 
chanbers of the woper leveis. a "= @ 


| Tne barrier pillars between. the levels ave ined bv overhand stoning; in 
tne course of transrerring.stoping operations to the levels lying belor. Since 
tne barrier piilars resist tn: pressures of the hanging vall vell, and nossibdly 
will not be crushed, their couplete excavation is orcvable. 


The. barrier pillars left: tetween. the chambers are exvected to be mined 
by tue rasbrytning metnod, wnich is suited to the vosition of the ore deposits 
as vell as to the chzracter of the ore (figs. 109, 119). 


The coefficient of economy by using the chamber-magazine system is as 
follows: | | 
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Thiciness, 10 sagenes; angle os din, 60 to 709. The ore is tenacious 
and of medium kardness; the ‘all rocis ere aiso of medium nardness 


Toe mining section: 


Along the strike of tne ore: cnamver is 2.5 sacenes + barrier 
piller 2.00 saegenes = 4.5 sascenes 


across tne strit-e: 10.00 sagenes. 

Tie height of the level (inclined in this case) is equal to the distance 
betvveen the trammine drifts along tie line of di» of the ore body for 60°; it is 
about 12.00 sagenes. 

The volume of the mining section: 


4.5 x 10.00 x 12. 00 = 540 eens sacenes. 


Presaratory and cutting work for the section: 


| sarenes 
PYAMDINe TLE. .iaGew seed eww eise Wadsare 4.59 
Mite Cli E Ue aie Shektie es are ase ea sregiaberwrete 4.50 
PASC. ee OOUG: Ante sus ww teres See ee eet scales 15.99 
Gansvay from tre vwinze, about ......ee. O00 
29.00 
Cross drifts for tne excavation of tne 
barrier pillar by tne resbrytning 
SVSUCK: 164.20 wteboee au ee ee ee ee ee 59 690 
DOCG: svclveweaneawteexs ace 64.90 


Per 1 sagene of prenaratory work; 


_540_ = 8.5 cubic sacenes. 
64.00 


Tne acvantaz:es of the sistem are: aA great number of stoves for a small 
area of ore, safety in vorking, possibdility of worvins alnost without anv timber- 
ing, possibility of regvlating tne rate of outout of the mine owing to tne re- 
serves of the ore in the crembers, and tne ability to keen the ore in places pro- 
tected from the influences of the veather. The disedventece of tne nagazine svstem 
lies mainly in the necessity of watering tne filling, wnicn causes a great delay 
in taking out the barrier pillars. | : | 


The possibility of using tne rasbrytning method for mining the barrier 
pillars left hetveen the chambers, by wnicn the work mav be accomplished more 
quickly, is still not sufficiently proved by experience. 
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111.-Cross section showing 
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Figare 120.-Ples of mining Figure l12l.- Plen of level, 
level, mass caving system. mess caving systan. 
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Figure 125.- Plan showing combinatien of shrinkage 
With piller caving, 


Figure 118,- 
Mining very thin 
deposit, 


6. System of Cover Caving; Renovins, fS sore be “Successive Sli ces (Slice- 


Rasbrytning). -— The newest system of minin;, used in tne region of Lrivoy Rog is 
tnat of caving by successive slices or tne rasovytaing s-rstem. (See po. 46 cescrib- 
ing use of tais system in S: ‘edén..) ‘This, system is emloved in the Karnavats!: and 
Dubovaya Bala mines. me ¢ rn ae — 


Tne method used in these t:70 mines has already been mentioned in the 
descriotion of tue chanber and.chanbser-trench ae will nov describe tne 
use of the rasbrvtning system in the Sukaaia Bal} a mine. . In places tue ore body 
is as much as 70 feet thick; the ore is often verv friable and is surrounded by . 
quartzites. The drifts are driven througa tne. quartzites of the footrall at a 
distance of from 21 to 28 feet. frou. the ore (see fig. 112). The level. interval 
adooted was 35 feet, but oving to hign development cost tiis heirnt vas increased 
to 52.5 or 70 feet. The winzes were in the quartzites of .tne footvall,.spaced at 
intervals of 28 feet. The deposit vas divided into 28-foot mining sections along 
the strike of .the ore body, :gso that the winzes were Situated in the middle there- 
of. At 17.5 feet to the rear from the bottom of the upper drift a_small crosscut 
was opened from the winze toward the ore body waich was continued ‘by a cross drift 
7? by 7 feet wide through the ore.body to the hanging wall of the deposit. The 
cross drift wes heavily timbered. 


From the cross drifts near the hanging vall, drifts 7 by 7 feet were 
onened to both Eee toward tne borders of each section, at a distance from the 
cross drift of (ey = 10,5 feet each, ae 

By pointing holes in the. roof of ‘these voriings, which require alrost no 
timbering, a slice-of (17.5 -7) = 10.5 feet may be caved. In the course of remov- 
ing the ore, the filling of the upoer working °S moves ‘also. Therefore, the 
delivery of the filling material to the stooes is not necessary. 


After the ore in the workings 1,1 (fig. 112), is removed, worzings 2,2, 
near the first are started; the ore is caved and renoved. The work is continued 
in tne same way, retreatin,;y towaras the footvall until the first slice, 17.95 
_ feet thick, is tal-en. 
During the mining of this slice another slice of” ‘the sae thickness is” 
prevared by opening a snall crosscut and a cross drift. The excavation -mst be 
calculated so that in the vertical vlane only oné level‘and onl one slice are 
vorxed at tne same time; in tne norizontal plane, ‘Aovever, which is similar to a 
sublevel, the excavation of several sections simultaneously: is vossible and 
usually is accomolisned (fiz. 112). By tne use of a slice 17. D> feet tnicl: tie 
relation of this height to the level interval’ is determined,’ as it must be a 
maltiole of 17.5 neces 


me: 
i 
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tne amount of ee oe expense is Peawesa: and esvecially because the 
exverience obtained in mining ore deposits in Sweden og p. 46) allovs us to 


a eS 
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even 1% feet. The hei; nits of the suolevels or slices cax crovebl- also be 
inceveesed WS: tb 28 feet, deven nding “on bid | orovexties nf bse Ore. 

Tne question of tne ivi idbas of ¢ ne section is quite sueterent vrisre tne 
width mee be limited by consideratiois of safet:7, and tue transvortation of the 
ore. nerefore, for obtaining a fall of 17.5 feet, tne vidth usually adonted 
is 35 feet. 


Tne coefficient of economy by using the svstem of cover caving, removing 
the ore by successive Slices is as follows: ws 

Tnicxness, 10 sazenes; angle of dio, 60 to 700. The ore is soft and of | 
poor tenacity; the wall rocks are of medium hardness. ne : 


Volume of the a . & we - 


4 


Thickness, 10. 00 sagenes; heignt of level-slice, 3 sagenes; along the 
strike, 4 sagenes: : a 


10 x 3 x 4 = 120 cubic sagenes: 


Preparatory vor: for. one slice: 


| Segenes 
VPOvel GTile 254646466 s8nes caeeaee ~ 5200" 
-Verticel heisht of the winze ...,. 3.00 
Crosscut to tne ore denosit, about “8200,” 


Cross riot. 245 reedeeie sees ecaee 20200 Me ee Be 


a ae ae hes Total Seeman at 21.00 


‘Per 1 sagene of length: 


120 = about 5.7 cubic safenes. 
21.00° ia 


| Only trree slices may be emloved for a level neignt of iS eeeuteee Tren, 
for comarison with other BS LORE we ane 
| Volume of tae mining section: 
10, 00 x 10. OO x 4, 00 = = . 400 cubic sap genes. 
Amount of pea ieee veuiee 


5acenes. 
’ : ee a 2 Drift C+ OR OS 8 8 ee wee PD Oe Ce tes Oe 8 e 0 00 


Vertical neight VIALS i ob ius cates 10. 0. 
Crosscuts to the ore body, 3x 3 ee me bi 
Cross drifts througa the ore, 

EO) KO nice ever eet awse erase ee “O08 00 
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Per 1 sagene of preparatory viork: 


400 = 7.6 cuble « sagenes. 
54 


Tne development economy wnich Se ee low for one slice, in- 
creases considereblv with t ue increase of the number of slices mined from one 
level. ) | 


Advantages of this system: 


J. The wnole nining operation can be-done without dividing the work into 
tvo veriods, as is necessary in alzost ell the other svstems. 


2. The driving of the winzes through the barren rocks males the vor: 
less exoenSive, as tne maintenance of the timnberins becomes unnecessar’. 


3. The absence of dadesendent filling of the stove maxes the wor: 
Simpler and decreases the exnenses of the filling. 


4, The mining is more uniform, 
Disadvantages of the syv7stein: 
ik. Extra vor’: or maintenaace of the cross Mattie. 


Ze Necessity of litniting tne work in a level; the work is to be done 
in one level and one slice only. | 


3. ifo control over the eee cee of the filling tN nea 


4. A certain contamination of the ore by the filling, owinz to the 
almost simultaneous bringing dovn of tne ore and of the filling. : 


V. CONCLUSION 


From the description of a1l the svstemg of mining iron ore in the region 
of Krivoy Rog, one fundamental fact is evident. In order to secure complete ex- 
traction of tne ore, the thickness of wnicn is more than 14. feet, all preliminary 
development which is to be used for a considerable oeriod must be done not in the 
ore body itself but in the wall rocks, vreferablv in the footv-11. A table in 
vnich the characteristics of all the methods are shown is added for comparison. 


The system best adavted to the nining of ore devosits of small thickness 
is tne crosscut system by excavation along the strike of the ore body. Having the 
highest coefficient of economy (about 9.5 cu. sag.) and being very »roductive, the 
system has only one disacvantare - lack of uniformity, in the mining of temporary 
barrier pillers. 
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Amonz the svstems used for mining ore denosits of sreat tnicness the 
most logical ere tre folloviing: The crosscit s’stem, removing the ore b- 
successive slices »ervendicular to tre stritte of tne ore body; tne cnamber- 
crosscut s-stem, removing tre ore dy slices; anc tne cover-ceving system. 


Tae cnamber end cnamber-trenchn systems require ssecial couditions, sucn 
as a considerable tenacity of ore, necessity of senivet filling, and a certain 
angle of dip. 


Tne cover-caving system mast ove considered tne most advantageous, one; its 
main disadvantazse is tne contanination of tne ore. This disadvantase can vrobatly 
be made less serious in tne future bv use of certain modifications. 


In conclusion, a brief descrintion of the main s:rstems used in Sreden is 
given. 


Brief Descrivtion of the Mnderrround 
A ojs Used in Svreden 


Forms of Iron ore desosits. -— Iron-ore devosits occur in the form of 
lenses of various lengths anc tuicknesses. The lenses are usually about 790 feet 
long and of an avera ee thickness of avout 79 feet. Sometimes the ore bodies 
attain a length of 5,500 fest and a tnickness of as mucn as 350 feet; small de- 
posits 280 to 350 feet long and from 21 to 25 feet thick are found also. 


Tie deoth of tne ore devos’ .ts varies greatly; the stratified tyne extends 
to deaths up to about 2,500 feet. The angle of din is about 69 to 799, 


Physical proverties of the ore. - The average content of ohosphorus in 
phosphorus ore is 1 ver cent but is someti:nes es much as 5 per cent. Tne. chemical 
comosition is not uniform; the folloving analvsis, hovever, is tycical: Fe, 61 
per cent; P, 1.1 per cent; Sido, 5 per cent. 

The ore is usually verv compact and tenecious and is characterized by the 
lacl- of fines. About 90 per cent of tne ore is in lurms. Stratified structure 
of ore masses is mared, Tne hardness of the surrounding wall rocks varies. 


’ 


| Systems of mining. - 1. The oldest system is thet of large chambers with 
pillars; a. nign percentage of tue ore was sometimes lost. 


2. The system most uscd has been, and is et ore esent the crosscut system 
Witn stoping by a series of esl slices ina direction pernvendicular to the 
strike of tae ore body. 


er The roof undercutting system, "tacbrytning" (in the region of Krivoy 
Rog called the chamber-trench svstem), is used to some extert also. 
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All these svstems ers used in the region or tne Krivov Rog anc do not 
differ creatl: tiere. The comearativel: lerce number of accidents caused tne 
introduction of new svstens: Tne mazasiasbrvtaing system and tne rasorvtning 
svstem, es well ag the coxbinction of these two svstens. 


4. The Macasinsbrvtrines svstem ? is used in cases vwuere the 
thickness of tue ore is from 15 to 800 feet, and tue neizst of the level is wo 
to 165 feet. The ore is brolzen by overnanc stooing. The ore is stored and the 
surovlus is dravn off gradually. In case of sreater thickness, the svstem is used 
as snown in Figures 113, 114, and 115; here tne Widtn of tre chamber-mazazines is 
63 feet and of barricr pillars is 39 feet. 


At tne footwall there are two strongly timoered winzes, g. The cross 
drift is timbered with esrecial strengtn (fig. 116); about 10 to 12 fzet of the 
ore is not removed, besides. In order to save timber, tne drift is driven so 
that the ore is excavated in slices 10 feet thick. A temporary ore laver, 6} 
feet thick, is left in the roof under the upper level and is excavated after the 
magazine is emptied. 


Magazines of large extent have sometimes a width of from 80 to 100 feet; 
in tnis case they are vrovided with two cross drifts; the 94-foot thick pillars 
must be considered lost (see fig. 117). The working of deposits of small tnick- 
ness, 16 to 24 feet, is snown in Fissure 115. 


Cne of the difficulties characterizin; tris system is that of drawing 
the stored ore. This is accomplished by means of so-called outlets (see fig. 
116), ‘ich are installed every 10 to 16 feet alonz the cross drifts. In case of 
small thickness, verry convenient outlets are used, as snovn in Figure 118. 


5. The rasbrytning system (cover-caving system) is of two tynes: (a) 


rasbrytning by slices and (b) mass-rasbrytning. 


(a) Rasbrytning br Slices. The ore body is divided into slices of from 
164 to 20 feet hich, and the ore is broken in sections up to 50 feet long. Here 
the levels reach a heisnt of from 1320 to 195 fest, and tne number of slices in 
them is from 7 to 10 (see fig. 119). 


(b) llass-rasbrytning. The ore deposit is divided into sections of from 
194 to 65 feet along tne level anda is taxen dy co¥er caving over tne whole 
neigsht of the level - that is, un to 49 feet - 382,- 195 feet. The sections were 
recently reduced to 53 and 49 feet along the level owing to the great area of 
the ore Wnaich renains hanging. In Figure 120 the use of mass-rasbdrvtning svstem 
in mining an ore devosit of 490 bzy 246 feet is srown. From the crosscut, drifts 
were ficst driven every 65 feet. These distances vere later reduced to 53 feet 
end sometimes to 49 feet. Owing to the fact that prevaratory developsient was 
within the ore body, tne whole deposit could not te excavated; therefore in the 
next level, 541/492 feet, the development was in the barren wall rocks (see fig. 
121). Here tne excavation drifts were at 33-foot intervals. 
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Tne combination of the magazinorvtning svsten wits that of rastrvtning 
by slices can be seen clearly in Figure 115. The rasbrytning svstem is here used 
for minine the ‘pillars (fies - 115). | 


Tie combination of mazazinbdrytning svstem Vith that of mass-rasbrvtninzg 
is shown in Figures 1°22 and 1°23. Aster tue c3-Tfoot marazines situated at tne 
Sides of the desosit alonz its strilze are exccvated, the remaining 49-foot ore 
pillar is mined by means of the drift using the mass-resbrrtnin; system and be- 
ginning from tne border of tne ore bodv. 


The extensive use of the rasbrytning or caving s:7ystem in Sweden is due 
to the fact that tne ore is subsequentiv treated by marnetic concentration; for 
this reason the contamination of the ore by filling material and weste is of 
little importance. | — 
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